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The St .  Regis Indian Reserve, located along the Canadian -  U.S. 
internat ional  boundary by Massena, New York,  l ies immediately 
downwind of  two pr imary aluminum smelters (Reynolds Metals and 
Alcoa) s i ted along the St.  Lawrence Seaway in New York State.  
Almost three-quarters of  the 5000 t r ibal  residents l ive on Corn­
wal l  Is land, which l ies within the Ontar io,  Canada port ion of  
the seaway. 
Since 1969, Cornwal l  Is land residents have asserted that  ex­
cessive f luor ide emissions f rom the two smelters adversely impact 
the Is land. Al though emission control  programs undertaken by 
Reynolds and Alcoa in the ear ly 1970s have sat isf ied appl icable 
New York State standards,  ambient monitor ing programs undertaken 
by the Ontar io Ministry of  the Environment demonstrate that  exist­
ing emission levels chronical ly exceed both the Ontar io cr i ter ia 
and proposed Canadian standards for  gaseous f luor ides.  Despi te 
the complet ion of  these pol lut ion reduct ion programs, the Indians 
contend that  problems cont inue and, in 1977, in i t iated extensive 
independent studies to assess the extent and degree of  emission 
levels impact ing the Reserve area. 
The data presented herein are the resul ts of  f luor ide analyses 
of  more than 1000 samples of  nat ive vegetat ion and smal l  mammal 
species col lected from the St.  Regis environs dur ing the summer 
and fa l l  of  1977 at  the request of  the t r ibal  leaders.  The f luo­
r ide levels found in the plant and animal l i fe,  part icular ly on 
Cornwal l  Is land, support  the St.  Regis Indians'  content ion that  
excessive f luor ide emissions, pr imari ly f rom Reynolds Metals,  are 
accumulat ing in the Reserve area, wi th levels up to 200 t imes 
greater than those observed in samples f rom areas not subject  to 
f luor ide pol lut ion.  Analysis of  ambient a i r  and meteorological  
data and t rends dur ing th is t ime per iod provides evidence that  
f luctuat ions in meteorological  factors such as ra infal l  or  wind 
patterns cannot be re l ied upon to al leviate the cont inuing f luo­
r ide contaminat ion in the area. 
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Chapter 1 
INTRODUCTION AND DESCRIPTION OF ACTIVITIES 
The St .  Regis Indian Reserve, located in and along the St.  Lawrence 
Seaway, encompasses sect ions of  the United States and Canada, including 
two Canadian provinces (Ontar io and Quebec) and the state of  New York.  
More than 5,000 Mohawk Indians inhabi t  the Reserve; approximately 3,600 
people l ive on Cornwal l  Is land in Ontar io,  1,000 in New York State and 
1,000 in the province of  Quebec. 
Current ly there are two major sources of  atmospher ic f luor ide 
pol lut ion in the St.  Regis Reserve area, both of  which are located in 
New York State and are under the jur isdict ion of  the New York State 
Department of  Environmental  Conservat ion.  In 1903, the Aluminum Com­
pany of  America (Alcoa) establ ished an aluminum reduct ion faci l i ty  in 
Massena, New York,  approximately e ight mi les west-southwest of  Corn­
wal l  Is land. In 1959, the Reynolds Metals Company bui l t  an aluminum 
reduct ion faci l i ty  approximately one mi le southwest of  Cornwal l  Is land. 
A phosphate fer t i l izer plant in the c i ty of  Cornwal l ,  Ontar io,  was a 
th i rd major source of  atmospher ic f luor ide,  but th is faci l i ty  was con­
verted to a dry blending operat ion in 1975 and is  no longer considered 
a s igni f icant source of  f luor ide emissions (Pruner,  1977).  
The St .  Regis Indians, part icular ly those people residing on 
Cornwal l  Is land, have complained to the Ontar io Ministry of  the 
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Environment s ince 1969 about the f luor ide pol lut ion in the area. Many 
people fe l t  that  f luor ides,  part icular ly those emit ted by the nearby 
Reynolds faci l i ty ,  were adversely af fect ing such th ings as forage gras­
ses, p lants,  l ivestock or window glass (Cornwal l  Is land residents,  
personal  communicat ion,  1977).  Dur ing the ear ly 1970s, both New York 
State and the Ontar io Ministry of  the Environment conducted ambient 
a i r  and vegetat ion monitor ing in the areas surrounding the Reynolds 
faci l i ty ,  which is  the c losest to the Reserve. Based on the resul ts 
of  these invest igat ions,  an order was issued by New York State re­
quir ing Reynolds to instal l  pol lut ion abatement equipment in order to 
meet New York State ambient a i r  standards.  In response to th is order,  
$17.8 mi l l ion worth of  pol lut ion control  equipment was instal led by 
Reynolds which reportedly reduced potroom emissions f rom 307.2 pounds 
of  f luor ide per hour in 1968 to 112 pounds of  f luor ide per hour in 
1973 and f inal ly to 73.3 pounds per hour by 1977 (Del is le,  1977).  
Fol lowing the or ig inal  1973 compl iance deadl ine,  both Canadian 
and New York State agencies cont inued monitor ing for  f luor ides in the 
area. Despi te Reynolds'  compl iance wi th New York State 's emission 
reduct ion order,  these subsequent studies indicated that  by 1977 f luo­
r ide pol1ut ion was s t i l l  impact ing the Cornwal l  Is land area (St.  Regis 
Band Counci l ,  1977).  As a resul t ,  the St.  Regis Indians in i t iated 
extensive independent studies in order to assess the extent and degree 
of  pol lut ion impact ing the Reserve area, part icular ly Cornwal l  Is land. 
The data presented in th is report  are the resul ts of  f luor ide 
analyses of  var ious types of  nat ive vegetat ion and smal l  mammal species 
col lected from the St.  Regis Reserve environs dur ing the summer and 
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fa l l  of  1977 at  the request of  the St.  Regis Mohawk Band Counci l .  
Figure 1 shows the general  study area, which included s i tes around 
both the Reynolds and Alcoa faci l i t ies and several  non-Indian owned 
lands. More than 1,000 vegetat ion and smal l  mammal species were col­
lected and chemical ly analyzed for  f luor ide content.  Sampl ing was 
conducted at  two d i f ferent t ime per iods dur ing the 1977 growing season 
to observe patterns of  f luor ide uptake over t ime. 
Dur ing these same t ime per iods,  samples of  forage grasses, garden 
vegetable fo l iage, and coni ferous t rees were also col lected from the 
Reserve and analyzed for  f luor ide content.  The resul ts of  these anal­
yses were previously reported in "Fluor ide Levels in Vegetat ion from 
the Vic in i ty of  the St.  Regis Reserve -  1977,"  by Joan Mi les,  Septem­
ber 9,  1981, Universi ty of  Montana Environmental  Studies Laboratory,  
Missoula,  Montana. 
The object ives of  the study reported herein are:  1) to locate 
the most impacted areas of  the St.  Regis Reserve Vic in i ty;  2) to 
conf i rm that Reynolds Metals Inc.  and Alcoa are sources of  f luor ide 
pol lut ion af fect ing the area; 3) to establ ish a record of  geographi­
cal  d istr ibut ion and concentrat ion of  f luor ide uptake wi th in var ious 
nat ive vegetat ion species at  var iable distances and direct ions from 
the sources; and 4) to present h istor ical  informat ion and perspec­
t ives on an internat ional  a i r  pol lut ion case chal lenged by the unique 
pol i t ical  ent i ty of  the Mohawk Indians of  the St.  Regis Reserve. The 
summarized f indings of  other invest igat ions carr ied out in th is area 
on f luor ide uptake in nat ive vegetat ion,  meteorological  data,  and 
ambient a i r  levels of  gaseous and part iculate f luor ides have been 
included as part  of  th is fourth object ive.  
Figure 1 
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Fluor ide Impact Study Area of  St.  Regis Indian Reserve and Vic in i ty 
July-October,  1977 
Chapter 2 
LITERATURE REVIEW OF THE BIOLOGICAL EFFECTS 
OF FLUORIDE POLLUTION 
Comprehensive reviews of  the nature and biological  ef fects of  
f luor ide pol lut ion have been publ ished by the World Heal th Organiza­
t ion (WHO, 1970),  the U. S. Nat ional  Academy of  Sciences (NAS, 1971 
and 1974),  the Nat ional  Research Counci l  of  Canada (Rose and Marier,  
1977),  and the U. S. Environmental  Protect ion Agency (EPA, 1980).  
Rose and Marier (1977) note that  "plants are af fected by f luor ides in 
soi l ,  water and a i r ;  animals by f luor ides in their  forages, feed sup­
plements and water;  and man by f luor ides in his food, beverages, 
drugs, c igaret tes,  and a i r . "  Emphasized in each of  the review docu­
ments,  however,  is  the need for  fur ther f ie ld research on environ­
mental  f luor ides as opposed to laboratory research. Weinstein (1977) 
explains that  the long-term ef fects of  low-level ,  recurrent fumiga­
t ions or the ef fects of  short- term, high- level  fumigat ions of  one or 
more pol lutants on the environment are d i f f icul t  to assess because 
laboratory condi t ions seldom mimic the var iabi l i ty  of  natural  f ie ld 
condi  t ions.  
Atmospher ic f luor ides are absorbed pr imari ly by fo l iar  t issue 
and then move to the marginal  port ions of  the leaves, causing necrot ic 
lesions and death of  the t issue. Gaseous forms of  f luor ide are more 
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effect ively absorbed than part iculate forms, and lead to more s igni f i ­
cant p lant  in jury (EPA, 1980).  In general ,  t issue f luor ides increase 
wi th increased length of  exposure and increased atmospher ic concentra­
t ions .  
Fluor ide accumulated in one leaf  or  sect ion of  a p lant  is  gener­
a l ly  immobi le and does not move to other leaves or organs (NAS, 1971).  
Whi le there is  some t ranslocat ion from root to shoot (presumably through 
the t ranspirat ion stream), once f luor ides local ize in leaf  t issue, 
l i t t le signi f icant reverse downward t ranslocat ion of  f luor ides have 
been observed (EPA, 1980).  
I t  has been suggested that  f luor ide accumulat ion causes inhibi t ion,  
modif icat ion or d isrupt ion of  metabol ic pathways or  may a l ter  the 
product ion of  secondary metabol i tes (NAS, 1971).  Exist ing data,  how­
ever,  are inadequate to determine subcel lu lar  s i tes of  local izat ion,  
and the metabol ism of  organic f luor ides by plants is  not wel l  understood. 
Fluor ide is  found in v i r tual ly a l l  p lants,  in concentrat ions rang­
ing from 2 to 20 ppm of  dr ied plant matter.  Abnormal ly h igh concentra­
t ions of  f luor ide are general ly documented as detr imental .  Excessive 
f luor ide can cause growth inhibi t ion,  t ip and marginal  fo l iar  necrosis,  
chlorosis,  wi l t ing,  and eventual  death of  the plant.  Frui t  qual i ty 
and y ie ld can be impaired, as wel l  as inhibi t ion of  seed germinat ion 
(EPA, 1980).  Weinstein (1977) reported that  when the assimi latory 
capabi l i t ies of  a s ingle leaf  are reduced by abscission, necrosis,  or  
reduct ion in mass, i t  can be assumed that  the ent i re plant is  being 
af fected in the same way. Consequent ly,  ef fects on the organism may be 
manifested as a l tered growth,  reduced reproduct ion,  decreased resis­
tance, or  death.  
While the ef fects of  toxic gaseous f luor ides are more apparent in 
vegetat ion,  the deposi t ion of  part iculate f luor ide on vegetat ion and 
the accumulat ion wi th in the plants can ser iously af fect  foraging 
animals (NAS, 1971).  When ingested by cat t le,  f luor ides can induce 
ei ther acute toxicosis or a debi l i tat ing chronic condi t ion referred to 
as chronic toxic i ty or f luorosis (NAS, 1974).  Al though relat ively rare 
acute toxicosis may cause symptoms such as reduced mi lk product ion,  
nausea, vomit ing,  incont inence, convuls ions, necrosis of  mucosa of  the 
digest ive t ract ,  weakness, and cardiac fa i lure.  Chronic f luorosis is  
the response most of ten observed in l ivestock and wi ld l i fe (Shupe et  a l  
1972).  The development of  th is disease is  of ten very subt le,  and 
symptoms vary.  I t  is di f f icul t  to def ine the precise point  at  which 
f luor ide ingest ion is  harmful  because of  the many factors involved, 
such as solubi l i ty  of  the f luor ides,  amount and durat ion of  ingest ion,  
species,  general  level  of  nutr i t ion,  and indiv idual  response. 
Fluor ides found natural ly in soi ls or added to the soi l  in fer t i ­
l izers are inconsequent ia l  in f luor ide uptake in vegetat ion (EPA, 1980) 
Pr ince et  a l .  (1949) reported that  exper imental  evidence shows conclu­
s ively that  the amount of  f luor ide accumulated f rom the soi l  is  smal l  
and that  there is  l i t t le correlat ion between f luor ide concentrat ions 
in the plant i tsel f  and the soi l .  Data strongly indicate that  af ter  
relat ively soluble f luor ide compounds are added to soi l  at  high rates 
of  appl icat ion,  there is  l i t t le or no ef fect  on vegetat ive uptake 
(NAS, 1971).  Maclnt i re and h is co-workers have suggested that  the 
amount of  f luor ides added to soi ls by industr ia l  a i r  pol lut ion is also 
insuff ic ient  to af fect  uptake (Maclnt i re et  a l . ,  1949; Maclnt i re et  a l .  
1951; Maclnt i re et  a l . ,  1955; Maclnt i re et  a l . ,  1955a).  
Chapter 3 
FLUORIDE POLLUTION SOURCES NEAR THE ST. REGIS RESERVE 
The Aluminum Reduct ion Process 
The two major sources of  atmospher ic f luor ide pol lut ion in the 
St.  Regis Reserve area are the Reynolds Metals and Alcoa Aluminum 
Reduct ion faci l i t ies.  Al l  pr imary aluminum in the United States is  
produced by the electrolyt ic reduct ion of  alumina (Al^O^),  known as 
the Hal l -Heroul t  process (EPA, 1978).  
Alumina, obtained from bauxi te ore,  which is  found in many parts 
of  the wor ld,  including Europe, Afr ica,  North and South America,  and 
Austral ia,  is  dissolved in a molten cryol i te solut ion in order to 
undergo e lectrolyt ic reduct ion.  The cryol i te,  a double f luor ide sal t  
of  sodium and aluminum (Na^AlF^) serves as an e lectrolyte and solvent 
for  the alumina and is  the source of  f luor ide emissions in the aluminum 
smelt ing process. 
In the Hal l -Heroul t  process, the electrolyt ic cel l ,  or "pot,"  con­
tains a carbon l in ing,  which serves as both the cathode and the container 
for  the melt .  A large number of  cel ls are then l inked together e lectr i ­
cal ly in ser ies to form a "pot- l ine,"  the basic product ion uni t  of  
the reduct ion plant.  In one type of  cel l  (a prebake cel l ) ,  carbon and 
anode blocks are suspended in the melt  and indiv idual ly replaced as 
they are consumed. In another type (known as Soderberg cel l ) ,  the 
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anode is  formed by a paste made of  carbon and p i tch,  which is  fed con­
t inuously,  e i ther vert ical ly or hor izontal ly,  f rom an external  source 
and baked to a sol id as i t  enters the cel l .  The aluminum, formed by 
reduct ion at  the cathode, f loats as a molten layer above the electro­
lyte and is  in turn covered by a surface layer of  sol id alumina. Oxy­
gen l iberated at  the anode by e lectrolysis reacts wi th the anode and 
forms a mixture of  carbon monoxide and carbon dioxide, which escapes 
f rom the cel l  (NAS, 1971 ) .  
Several  other gases and part iculate emissions are released from 
the cel l  and those containing f luor ide include the fo l lowing: gases 
of  s i l icon tetraf luor ide and hydrogen f luor ide;  part iculate cryol i te,  
aluminum f luor ide,  calc ium f luor ide and chiol i te,  Na^Al^F-^ (EPA, 1980).  
The dusts and gases f rom aluminum plants are largely col lected by 
f i l ters,  centr i fugal  col lectors,  e lectrostat ic precipi tators,  and 
var ious types of  wet-scrubbing systems (NAS, 1971).  
Reynolds Metals Company 
The Reynolds Metals Plant at  Massena, New York began operat ing in 
1959 and ut i l izes a hor izontal  Soderberg anode in the reduct ion process. 
The alumina used for  smelt ing is  shipped pr imari ly f rom Texas and Arkan­
sas. Reynolds reported that  $8 mi l l ion were spent on environmental  
controls (wet scrubbers) dur ing the f i rst  ten years of  the plant 's 
operat ion to remove part iculate and gaseous f luor ides from emissions. 
By 1973, Reynolds had instal led S17.5 mi l l ion worth of  pol lut ion abate­
ment equipment to meet New York state standards for  f luor ides and to 
meet federal  standards for  part iculate matter.  The current pol lut ion 
controls are f loat ing-bed wet scrubbers.  The New York State Department 
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of Environmental  Conservat ion (DEC) est imates the ef f ic iency of  these 
scrubbers at  80% part iculate removal  and 95% gaseous f luor ide removal  
(Shen et  a l . ,  1976).  
Emission reports submit ted to the New York State DEC in 1977 by 
Reynolds indicate that  Reynolds emits 461 lbs/hour of  total  part icu­
lates,  52 lbs/hour of  part iculate f luor ides and 21 lbs/hour of  gaseous 
f luor ides,  total l ing 1,752 lbs/day of  total  f luor ides or 320 tons/year 
(Table 1) .  On the basis of  Reynolds'  est imated 1977 aluminum produc­
t ion rate (126,000 tons/year) ,  the f luor ide output would then average 
approximately 4.97 pounds of  f luor ide per ton of  aluminum. Based on 
the above emission est imates,  therefore,  one pound of  gaseous f luor ides 
is emit ted for  each 2.44 pounds of  part iculate f luor ides.  
Al  coa 
Alcoa's Massena operat ions began in 1903 using power f rom the 
company's own hydroelectr ic dam. The p lant has been expanded and now 
uses energy f rom the Moses-Saunders Dam in Massena. The alumina ut i l ­
ized by Alcoa is  pr imari ly f rom Alabama, and the smelt ing method is  a 
pre-bake anode procedure.  Alcoa began operat ing wi th three pot- l ines;  
in the 1950s the company instal led two addi t ional  pot- l ines (P-75 
systems),  and a large s ingle pot- l ine (P-225) was instal led in 1975, 
total l ing more than 650 pots or e lectrolyt ic cel ls.  The P-225 system 
ut i l izes a patented environmental  control  system ("A398") and the older 
systems ut i l ize f loat ing-bed scrubbers.  In the A398 process, f lue 
gases are dispersed into a f lu id ized bed of  aluminum oxide which t raps 
the gases. Part iculates are removed in a dry baghouse. This system 
is rated 98% ef f ic ient  in captur ing gaseous emissions and >95% in 
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Table 1 
PRODUCTION CAPACITIES AND EMISSION ESTIMATES OF 
THE REYNOLDS AND ALCOA FACILITIES 
Reynolds Metals Co. Al  coa 
On-l ine date 
Smelt ing method 
Plant capaci ty^ 
Dai ly aluminum 
output^ 
July 1959 
Hor izontal  stud Soderberg 
126,000 tons aluminum/year,  
504 pots 
350 tons/day 
Pol lut ion controls Float ing bed scrubbers 
1903 
Pre-baked anodes 
210,000 tons aluminum/ 
year,  >650 pots 
583 tons/day 
A398 f lu id ized bed 
and dry baghouse 
Emi ssions" 461 lbs/hr total  part iculate 197+ lbs/hr total  
part iculate 
52 lbs/hr part iculate f luor ide 
21 lbs/hr gaseous f luor ides 
73 lbs/hr total  f luor ide 
1,752 lbs/day total  f luor ide 
68 lbs/hr gaseous 
f  1 uor i  des 
1,632+ lbs/day total  
f  1 uor i  de 
320 tons f1uor ide/year 297+ tons f luor ide/yr  
Personal  communicat ion,  Alcoa representat ives,  and informat ional  
pamphlets f rom Alcoa and Reynolds.  
2 
Calculated on the basis of  est imated year ly output,  assuming 
faci l i t ies in operat ion 365 days per year,  24 hours per day. 
3 
Emission est imates submit ted by Reynolds and Alcoa to New York 
State in December 1977, and subsequent calculat ions by Mi les based on 
these est imates.  
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captur ing part iculate f luor ide emissions (J.  Cagwin and E. Knapp, 1977, 
personal  communicat ion).  
Alcoa submit ted informat ion to New York State in 1977 indicat ing 
that i ts  faci l i ty  released 68 pounds of  gaseous f luor ides per hour.  
Data on part iculate emissions are incomplete and do not d ist inguish 
part iculate f luor ides from other part iculates.  At least  197 pounds/ 
hour of  total  part iculates are released into the atmosphere, and th is 
does not include part iculates from roof monitors on the P-75 systems. 
Total  f luor ide emissions are 1,632 pounds/day gaseous f luor ides and a 
port ion of  the dai ly 4,758+ pounds of  part iculates.  Other est imates 
indicate that  Alcoa emits roughly 2.4 pounds of  f luor ide per ton of  
aluminum produced (Brown, August 1977).  
Chapter 4 
HISTORICAL AND BACKGROUND INFORMATION ON FLUORIDE POLLUTION 
IN THE ST. REGIS RESERVE AREA 
The St .  Regis Indians, part icular ly those people residing on 
Cornwal l  Is land, have complained to the Ontar io Ministry of  the Envir­
onment (OME) s ince 1969 about the damaging ef fects of  f luor ide pol lu­
t ion.  The Is land residents and others residing in the area al leged 
that f luor ides were adversely af fect ing forage grasses, p lants,  l ive­
stock,  and window glass.  In 1967, a local  farmer contended that  his 
dairy cat t le were suf fer ing from mott led teeth caused by ingest ion of  
forage grasses high in f luor ide content;  area residents noted that  the 
Eastern whi te pines on sect ions of  Cornwal l  Is land nearest  to the 
Reynolds faci l i ty  were dead or dying; in 1965 and 1966 employees of  
Reynolds complained that  their  automobi le windows were etched whi le 
their  automobi les were parked on p lant property (Davis and Neighmond, 
1970).  People have also complained that  bee, grasshopper and partr idge 
populat ions have decreased not iceably s ince 1969 (Cornwal l  Is land resi­
dents,  1977, personal  communicat ion).  
Ambient a i r  and vegetat ion sampl ing conducted in the area in the 
ear ly 1970s by OME establ ished the fact  that  " f luor ide emissions f rom 
Reynolds Metals Company were adversely af fect ing air  qual i ty and had 
in jured and k i l led some vegetat ion on Cornwal l  Is land" (Pruner,  1977).  
Concurrent ly,  New York State was monitor ing f luor ide levels in the a i r  
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and vegetat ion,  a lso establ ishing records of  high f luor ide concentra­
t ions (Prosser,  1977).  On the basis of  these f indings, an order was 
issued by the State of  New York in 1970 requir ing Reynolds to instal l  
fume abatement equipment to meet New York State ambient a i r  standards 
by June 1,  1973. Al though Alcoa was recognized as a major f luor ide 
source in the area, no studies had been conducted to establ ish what 
responsibi l i ty ,  i f  any, that  company had for  the problems on Cornwal l  
Is land. 
A year later ( in 1970) OME received increasing numbers of  com­
plaints from Cornwal l  Is land residents about in jury to crops and cat t le.  
Cases of  cat t le f luorosis were conf i rmed by the Veter inary Services 
Branch of  the Ontar io Ministry of  Agr icul ture and Forestry (OMAF) on 
the E. Benedict  premises, Cornwal l  Is land, and negot iat ions for  damage 
were in i t iated. Monetary set t lements were made by Reynolds,  presumably 
to Mr.  Benedict 's  sat isfact ion.  Any sat isfact ion,  however,  was short­
l ived as area residents began to real ize that monetary set t lements did 
nothing to al leviate the cause of  the problem. 
In 1973, Reynolds was s t i l l  in the process of  instal l ing pol lut ion 
abatement equipment and fa i led to meet the deadl ine under the New York 
State order.  In July of  that  year Dr.  S. R. Si lverborg from the State 
Universi ty of  New York,  Col lege of  Environmental  Sciences and Forestry 
in Syracuse, New York,  examined Eastern whi te pines at  s i tes on Corn­
wal l  Is land less than one mi le from the Reynolds p lant .  He reported 
that  " .  .  .  the prevai l ing winds are f rom the direct ion of  th is (Rey­
nolds) p lant  (and) I  am convinced that  the damage to the pines is  the 
resul t  of  gases emit ted from th is plant"  (Si lverborg,  1973).  Si lver­
borg to ld is land residents to sel l  remaining l iv ing pines and d is­
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couraged court  act ion on the damage because the cost  of  any lawsui ts 
would exceed the value of  the t rees. The $17.8 mi l l ion pol lut ion con­
t ro l  equipment instal led at  th is t ime by Reynolds,  in accordance wi th 
the New York State order,  was reported to have reduced that  faci l i ty 's 
potroom emissions f rom 307.2 pounds of  f luor ide per hour in 1968 to 
112 pounds per hour in 1973. Subsequent ref inements of  Reynolds'  
operat ing procedures and control  equipment reduced potroom f luor ide 
emissions to 73.3 pounds per hour in 1977 (Del is le,  1977).  
Cont inued complaints and evidence of  cont inuing high f luor ide 
levels in the area have resul ted in the in i t iat ion of  extensive studies 
by Reynolds,  New York State and Canadian federal  provincial  agencies 
s ince 1975. These studies indicated that by 1977 f luor ide pol lut ion 
was s t i l l  s igni f icant ly impact ing the Cornwal l  Is land area (St.  Regis 
Band Counci l ,  1977).  As a resul t ,  the St.  Regis Indians in i t iated 
extensive independent studies in order to assess the extent and degree 
of  pol lut ion exposure impact ing the Reserve area (part icular ly Corn­
wal l  Is land).  
In ear ly 1977, the St.  Regis t r ibal  counci l  and the Nat ional  
Indian Brotherhood of  Canada a lso contacted the Internat ional  Joint  
Commission ( IJC) to express concern about the Cornwal l  Is land f luor ide 
problem and requested the IJC's Air  Pol lut ion Advisory Board to inves­
t igate the problems on Cornwal l  Is land. 
The Internat ional  Joint  Commission ( IJC) was establ ished pursuant 
to Art ic le VII  of  the 1909 Boundary Waters Treaty.  I t  funct ions as an 
invest igat ive and study commission on a var iety of  matters of  common 
interest  to both the U.S. and Canada. The IJC has the power to make 
recommendat ions to the Secretar ies of  State of  both governments on 
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matters referred to them, but these recommendat ions are not legal ly 
binding. The Commission has s ix members,  three appointed by the 
President of  the United States and three by the Pr ime Minister of  
Canada (Bureau of  Nat ional  Af fa i rs,  Inc. ,  1976).  
In 1966, an a i r  pol lut ion problem in the Detroi t /Windsor area 
was referred to the IJC. Fol lowing invest igat ion of  th is matter,  an 
Internat ional  Air  Pol lut ion Advisory Board was appointed in 1967 by 
the Commission to study a i r  pol lut ion problems along boundary areas 
and submit  reports and recommendat ions to the IJC ( IJC Annual Report ,  
1977).  In May 1977, the IJC author ized the Air  Pol lut ion Advisory 
Board to hold a publ ic meet ing to discuss f luor ides in the v ic in i ty of  
Cornwal l  Is land with a l l  interested part ies.  The meet ing was held on 
June 28 and 29, 1977 in Massena, New York.  
In January 1978, s ix months af ter  the Massena meet ing,  the Inter­
nat ional  Air  Pol lut ion Advisory Board submit ted a report  to the IJC 
ent i t led "Transboundary Flow of  Fluor ide Air  Pol lut ion Affect ing 
Cornwal l  Is land."  This report  summarized the posi t ions of  the involved 
part ies and included a one-page l is t  of  comments compi led by the Board. 
The Board advised the IJC that ,  in i ts  opinion, there is  no exist ing 
human heal th problem on Cornwal l  Is land and that  forage f luor ide levels 
are in excess of  New York and Ontar io standards in a l imi ted area which 
requires fur ther study for  accurate del ineat ion.  
As of  March 1983, more than f ive years af ter  the Advisory Board 
report  was submit ted,  no resolut ions or f indings have been released by 
the IJC. Because the IJC was set  up as an apol i t ical  fact- f inding body, 
i t  remains quest ionable whether any decis ions or solut ions can be expected. 
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The Reynolds/Cornwal1 Is land s i tuat ion is  unique in  several  as­
pects.  I t  is  not  merely a s i tuat ion in which one federal  government 
demands that  another nat ional  government enforce i ts  own regulat ions.  
Current ly ,  nei ther  the Canadian nor the U.S.  federal  governments have 
establ ished laws and standards to regulate f luor ide levels in  the 
ambient  a i r  or  in  plant  fo l iage.  The Canadian government has proposed 
standards for  gaseous f luor ides,  but  these have not  yet  been enacted,  
so Canada essent ia l ly  has no legal  jur isdict ion.  The U.S.  Environ­
mental  Protect ion Agency a lso has no jur isdict ion,  a l though sect ions 
of  the St .  Regis Reserve are in  the Uni ted States.  The province of  
Ontar io has establ ished cr i ter ia for  ambient  f luor ides and f luor ide in 
forage (Table 2) .  Despi te repeated contravent ions of  these object ives 
in  the past ,  the provincia l  government has no enforcement powers be­
cause nei ther  the pol luter  nor the Reserve is  in  i ts  legal  jur isdict ion.  
The State of  New York,  however,  has establ ished laws and standards 
regulat ing f luor ide levels in  ambient .a i r  and forage (Chapter  I I I ,  
257-8 to 257-8.4,  Ai r  Resources,  T i t le  6,  Of f ic ia l  Compi lat ion of  
Codes,  Rules and Regulat ions of  the State of  New York) .  According to 
test imony f rom the New York State Department of  Environmental  Conser­
vat ion at  the June 1977 meet ings in  Massena,  New York,  there had been 
no v io lat ions of  state standards observed s ince 1975 (Prosser,  1977).  
The Department of  Environmental  Conservat ion is ,  in  fact ,  the only 
government agency wi th jur isdict ion over Reynolds,  and the Department 
contends that  a l l  New York State ambient  and emission standards are 
being met.  
The St .  Regis Indians,  however,  contend that  the New York laws 
nei ther  protect  the vegetat ion nor the animal  l i fe  (cat t le)  of  the 
Table 2 
ESTABLISHED AND PROPOSED FLUORIDE STANDARDS 
Fluorides in Ambient Air 
Agency Averaging Time Fluoride Type A1lowable Levels* (in i 
Ontario 24 hours Gaseous .82 
24 hours Total (particulate and gaseous) 1.63 
30 days Gaseous .32 
30 days Total .66 
Canada 24 hours Gaseous .85 
(proposed) 7 days Gaseous .55 
30 days Gaseous .35 
70 days Gaseous .20 
New York State 12 hours Gaseous 3.7 (>4.5 PPb) 
24 hours Gaseous 2.85 (>3.5 PPb) 
7 days Gaseous 1.65 (>2.0 ppb) 
30 days Gaseous .80 (>1.0 PPb) 
*Corrected to Standard Temperature of 25°C and Pressure of 760 mm Hg. 
Fluorides in Forage 
Agency Averaging Time Allowable Levels 
Ontario -- 35 ppm 
New York State Growing Season (not to exceed 40 ppm 
6 consecutive months) 
Any 60-day period 60 ppm 
Any 30-day period 80 ppm 
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St.  Regis Reserve.  This posi t ion is  based on resul ts  of  extensive 
studies conducted in  the area s ince 1975 unt i l  the present ,  inc luding 
the resul ts  presented herein which d iscuss some of  the f indings ob­
served in  1977 at  the request  of  the St .  Regis Indians in  re lat ion to 
d ist r ibut ion and concentrat ion of  f luor ides in  var ious nat ive vegeta­
t ion and smal l  mammal species.  
Other s tudies which have been undertaken s ince 1977 inc lude con­
t inued assessments of  f luor ide uptake in  cat t le  f rom Cornwal l  Is land,  
f luor ide uptake in  vegetat ion f rom Cornwal l  Is land and v ic in i ty ,  
ambient  a i r  moni tor ing,  and a comprehensive heal th impact  s tudy which 
is  in  process,  conducted by Dr.  I rv ing Sel ikof f  and associates of  the 
Mt.  Sinai  Medical  Center  in  New York.  Of the reports that  have been 
publ ished,  resul ts  indicate that  even though there has been some 
improvement,  h igh levels of  f luor ides are cont inuing to impact  the St .  
Regis Reserve:  
A.  F luor ide- induced damage to cat t le ,  which was documented in  1977 
on Cornwal l  Is land,  is  cont inuing wi th current  levels of  emission 
contro l  at  Reynolds (Krook and May! in,  1979;  Mayl in and Krook,  
1982).  
B.  Excessive f luor ide contaminat ion is  s t i l l  impact ing vegetat ion 
species in  the areas that  were most  severely af fected in  1977.  
The Ontar io Minist ry of  the Environment noted in  i ts  1981 study 
that  no "major  changes" have been observed dur ing the past  four  
years,  but  d id conclude that  the overal l  contaminat ion of  vege­
tat ion was probably more severe pr ior  to 1978 (Pearson,  1982).  
However,  even the levels observed s ince 1978 are most  pronounced 
immediate ly downwind of  Reynolds,  of ten exceed the Ontar io forage 
contaminat ion cr i ter ia,  and are far  in  excess of  normal  contro ls.  
In i ts  1980 study,  OME at t r ibuted th is  decreased contaminat ion in  
the years 1978-1980 par t ly  to the lower f requency of  winds emanat ing 
f rom the d i rect ion of  the f luor ide sources (Pearson,  1981).  
C.  As of  1980,  ambient  a i r  studies reveal  that  gaseous f luor ide emis­
s ion levels appear to be unchanged s ince 1977,  whi le par t iculate 
levels have decreased somewhat (Bumbaco and She! ton,  1980).  No 
1981 or  1982 ambient  a i r  data is  avai lable at  th is  t ime.  
D. In  other vegetat ion studies conducted by the Univers i ty  of  Montana 
Environmental  Studies Laboratory in  1981,  f luor ide levels in  for­
age and hay samples were reported as " far  in  excess of  normal  
contro ls,"  wi th current  emission levels f rom Reynolds mani fest ing 
contaminat ion of  cat t le  forage and v is ib le leaf  in jury to cer ta in 
vegetat ive species (Rice,  1982).  Rice noted that  in jury isopols 
prepared by OME in  1981 are typical  of  pat terns documented s ince 
1977.  
Because the St .  Regis Reserve Indians have not  not iced the re l ie f  
«* 
ant ic ipated by Reynolds '  pol lut ion contro l  program, t r ibal  leaders 
sought ,  and were granted,  legal  standing in  the U.S.  Dist r ic t  Court  
for  the Northern Dist r ic t  of  New York (Civ i l  Act ion #80-CV-135).  The 
Tr ibe asserts that  Reynolds and Alcoa are responsib le for  chronic 
f luorosis af fect ing thei r  cat t le ,  and that  Is land residents are exper i ­
encing adverse heal th ef fects f rom the f luor ide emissions.  Before 
hear ing and t r ia l  dates wi l l  be set  on th is  now-pending case,  the 
ongoing heal th study,  conducted by Dr.  Sel ikof f  in  conjunct ion wi th 
the Canadian Heal th and Wel fare Agency,  must  be completed.  
Ult imately i t  wi l l  be up to the U.S.  court  system, af ter  consid­
er ing past  and current  moni tor ing data and associated impact  s tudies,  
to determine the ef fect iveness of  appl icable f luor ide standards and 
the legal  responsib i l i t ies of  the var ious bodies involved in  an India 
and internat ional  a i r  pol lut ion issue.  
Chapter 5 
SUMMARY AND REVIEW OF METEOROLOGICAL AND 
AMBIENT AIR DATA 
In order to assess the observed d is t r ibut ion and concentrat ion of  
f luor ides in the St .  Regis Reserve area in  1977 as compared to other 
years and to expla in observed t rends,  meteorological  records and current  
ambient  a i r  data for  gaseous and par t iculate f luor ides were compi led 
and reviewed. 
Precip i tat ion and wind data for  the St .  Regis Reserve and v ic in i ty  
for  the years 1974 through 1977 were obtained f rom CI imatological  Sta­
t ion Reports f rom the Department of  Transport ,  Canada (Cornwal l ,  
Ontar io Stat ion)  by personnel  f rom the St .  Regis Band Environmental  
Di  v i  s i  on.  
Precip i tat ion Data 
Table 3 shows monthly precip i tat ion levels f rom 1974 through 
1977,  and Table 4 i l lust rates precip i tat ion levels dur ing 45-day "grow­
ing season in tervals"  (as ut i l ized by the Ontar io Minist ry of  the 
Environment in  i ts  reports) .  F igure 2 depicts the monthly precip i tat ion 
levels g iven in  Table 3.  The growing season months are i l lustrated in 
black and the tota l  precip i tat ion for  the year and growing season are 
presented below each year 's  graph.  
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Table 3 
St. 
Monthly Precip i tat ion Levels -
Regis Reserve Vic in i ty  1974-1977 
i  7  4 1 9"* 6 
Month Preci citation i  r. Inches H: r th Fr-;^i:a: ion in Irenes 
January 2 . .  2  4 Jir . -ary 4 .  72 
February 91 February 3.  ̂ 9 
Karen -1 .  44 .u3r:n 4 .  2 3 
Apr i  1 4 .  7 0 Apri l  1 . 93 
Mjy 4 , . 9  7 • — / 4 .  4 J 
Ji:;  e 2 . 63 June 3.  46 
July 3.  0 3 J^ly 2 • 2  3 
AujuSt 1 . . 1  3 A •_ j „ S t  3 .  9 1 
Sept ember 2 .  1c S -  p t  erj j  e r  2 . 
Octiber 1 .  . 7  7 G:::bcr 4 . 3 3 
!«yv - r i  er 3 .  4 n ;  •* e--_L e r  1 .  43 
Dec eri  e r  3 . 51 I  j  -r i  e r  : - C 9 
TocjI for ynjr 3b , . 29 Tc i  a 1 for yeir 3 i .  62 
Gr: ~ i  n-g 5ci  son total  1A. . 36 G r  ;  .  ;  r g sejsori  i^tdi  ie.  7 -f 
1975 1977 
Month H r  r  c l  p 11 lCion in Ir . : '"e s ?:«cu 11 a t  :  icn in Inches 
J 3 r. j  i r~y 1 .  5 5 c 11 
F • i tr  jary 2 , .  1  3 F e " r  -  j  r y 2. 2 -5 
v^rch 2 .  6 S 3 .  70 
Apri l  2 .  70 Apri l  - • 34 
y-a y 2 .  1 3 w -y 1 .  2 9 
J une 2 .  55 -•-re 3.  2 9 
July 1 .  14 J. ly 4 .  c 2 
August i .  .00 A.:jst 6. 03 
September 5 .  9 3 September 5.  .02 
Cc::ber 5 .  C 3 Octcc-er 4 .  57 
November •1 . 7 4 5--ier 4 . 54 
Cecerrer 
' •  .  6 3 te:  er-c,  e r  4 .  24 
Total  for year 35 .  20 Total  f ir  year 47. . 57 
Crcwin9 season total  13 .80 Cr% i  r. g seascn total  2D. . 4 5  
Tota 1 s ( inches) 1974 1975 1976 1977 
Total  for  year 36.29 35.20 39.62 47.57 
5-Month growing season 14.93 13.80 16.79 20.45 
(May-Sept.) 
From: Meteorological  Branch,  Department of  Transport ,  Canada;  
Cimatological  Stat ion Reports -  Cornwal l ,  Ontar io Stat ion 
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Table 4 
PRECIPITATION LEVELS FOR 45-DAY GROWING 
SEASON INTERVALS 1974-1977 
ST. REGIS RESERVE VICINITY 
Preci  p i  tat ion in Inches,  by Year 
1974 1975 1976 1977 
May 1 -  June 15 5.81 4.68 5.15 2.00 
June 15 -  July 30 5.78 2.14 5.00 7.39 
Aug.  1 -  Sept .  15 2.36 2.84 5.04 8.28* 
^Est imated f rom 
avai  Table) .  
i September tota l  ra infa l l  (no dai ly  1 
Rainfa l l  dur ing the 1977 growing season (May -  September)  was at  
least  21.8% higher than in  any of  the previous years,  amount ing to 
20.45 inches.  The wet test  months of  1977 were August  and September,  
wi th 6.03 and 5.02 inches of  ra in,  respect ively.  
The 1975 growing season ra infa l l  and year ly  tota l  were lower than 
any of  the four  years,  amount ing to 13.80 and 32.50 inches,  respect ively.  
Of the 13.80 inches of  ra in recorded dur ing the 1975 growing season,  
a lmost  hal f  occurred dur ing September.  Studies by the Ontar io Minist ry 
of  the Environment (Pearson,  1975) p laced considerable emphasis on the 
fact  that  th is  "dry"  year was responsib le for  e levated vegetat ion f luo­
r ide levels observed in  i ts  studies of  the Cornwal l  Is land area;  the 
re lat ively low amount o f  ra infa l l  was a lso noted in  a memo prepared 
for  Reynolds by MacLean and McCune of  the Bovce Thompson Inst i tute in 
1977 ent i t led "Review of  Environmental  Moni tor ing Programs in  the 
Figure 2 
TOTAL PRECIPITATION - ST REGIS RESERVE 
1974 -  1977 
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Cornwal l  Area" (MacLean,  t fcCune,  1977).  According to th is  memo: " (The) 
explanat ion of fered in the (Minist ry of  the Environment)  report  for  
the (vegetat ive f luor ide)  increases is  a val id one:  the reduct ion in  
both the tota l  amount o f  Drecip i tat ion and in  the number of  ra in events 
d id not  remove as much sur face-borne f luor ide as in  years of  'normal '  
preci  p i  ta t i  on . "  
The Ontar io Minist ry of  the Environment (OME) calculated that  in  
1975 and 1976,  the amount and f requency of  ra infa l l  in  the Cornwal l  
Is land area was negat ively corre lated at  least  at  the 95% level  of  
probabi l i ty  wi th the unwashed f luor ide content  of  vegetat ion (Pearson,  
1976 and 1977).  Emission data f rom Reynolds,  submit ted to the New 
York State DEC in  1977 indicate that  the rat io of  par t iculate f luor ide 
emissions to gaseous emissions is  approximately 2.44 to 1.  OME's 
basic conclusion was that  the percentage of  water-soluble part iculate 
compounds in  areas c lose to Reynolds,  that  are probably removed f rom 
the vegetat ion in  years of  normal  ra infa l l  was not  observed in  1975.  
Thus,  the e levated 1975 vegetat ive data was pr imar i ly  a ref lect ion of  
environmental  factors rather than emission factors,  in  i ts  opin ion.  
In 1977,  however,  OME noted that  " the usual ly  st rong negat ive 
corre lat ion between the amount o f  ra infa l l  and the f luor ide content  of  
maple fo l iage was not  s igni f icant"  (Pearson,  1978).  In  other words,  
the increased ra infa l l  in  1977 "d id not  have the usual  e f fect  of  re­
ducing the sever i ty  of  f luor ide contaminat ion of  vegetat ion located 
c lose to the p lant . "  
Al though the amount o f  ra infa l l  in  a cer ta in year may in f luence 
the tota l  f luor ide content  of  vegetat ion near Reynolds,  i t  appears f rom 
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th is  conclusion that  ra infa l l  does not  necessar i ly  remove excess f luo­
r ide f rom vegetat ion.  I t  is  not  c lear  how much,  i f  any,  emissions 
were reduced between 1975 and 1977 but  OME researchers concluded that  
s ince 1972 f luor ide contaminat ion of  forage f luctuated in sever i ty  
depending on meteorological  factors (wind and ra infa l l ) .  The excep­
t ion to th is  f inding,  however,  was in  1977 when increased fo l iar  con­
taminat ion was noted despi te increased ra infa l l .  
The 1977 growing season in  the St .  Regis Reserve area can be 
character ized as one of  increased tota l  ra infa l l ,  par t icular ly  dur ing 
August  and September.  A to ta l  of  approximately 8.28 inches of  ra in 
fe l l  dur ing the interval  between the col lect ion per iods undertaken in  
th is  study (approximately August  1 September 15,  1977).  This is  
much h igher than observed in  any of  the previous three years (see 
Table 4) .  
Wind Data 
Analys is of  1974 through 1977 wind data f rom the Cornwal l  CI ima­
to logical  s tat ion reveals that  the predominant  winds on Cornwal l  Is land 
are f rom the southwest  quadrant  in  which Reynolds Metals is  located.  
Ear l ier  studies in  the Cornwal l  Is land area ment ion that  th is  phenomenon 
has been responsib le for  the deposi t ion of  f luor ides to the northeast  
of  the p lant  (Pearson,  1975,  1976,  1977,  1978).  
Wind roses for  1974-1977 were based on the monthly summaries of  
the average wind speeds and f requencies ( in  percents)  of  the e ight  
major  wind d i rect ions:  nor th,  nor theast ,  east ,  southeast ,  south,  
southwest ,  west ,  and northwest  (Appendix A) .  The f requency of  calm 
was negl ig ib le in  the area.  
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Table 5 l is ts  the monthly wind f requencies (1974 through 1977) of  
the predominant  wind sources (southwest ,  west ,  and northwest)  as ob­
served in  those years.  The tota l  wind f requencies of  the remaining 
f ive sources are combined and l is ted as "other."  Table 6 summarizes 
the year ly  average f requencies of  the same predominant  sources,  and 
Table 7 summarizes average f requencies dur ing the growing season (May 
through September) .  
On a year ly  basis,  winds or ig inat ing f rom the southwest ,  west ,  
and northwest  are responsib le for  greater  than 50% of  the wind f requen­
c ies.  Because both f luor ide sources (Reynolds and Alcoa) are southwest  
of  the St .  Regis Reserve and Cornwal l  Is land,  i t  appears that  ef f luents 
f rom both p lants move toward the Reserve a s igni f icant  port ion of  the 
t ime.  
With the except ion of  1977,  the predominant  winds dur ing the 
growing season months have been f rom the southwest  quadrant .  In  1977,  
winds f rom the southwest  quadrant  showed the lowest  f requency in  both 
the year ly  and growing season per iods than in  the three previous years.  
The Ontar io Minist ry of  the Environment has a lso noted the ef fect  
of  wind f requencies re lat ive to f luor ide deposi t ion.  In i ts  1976 
growing season study (Pearson,  1977),  i t  was noted that  there was a 
"decrease" in  the f requency of  winds b lowing f rom the Reynolds Metals 
Company Plant ,  and an increase in  ra infa l l .  The report  noted lower 
fo l iar  f luor ide levels than in  the preceding years and stated that  the 
overal l  reduct ion in  f luor ide contaminat ion observed in  1976 could be 
at t r ibuted to those two phenomena. OME a lso found a h ighly s igni f icant  
(p <.01) month-by-month s tat is t ica l  corre lat ion between the f requency 
Table 5 
Wind Data: 
1 9 7 4  
S o u r c e  o f  W i n d  
M o n t h  S o u t h w e s t  W e s t  N o r t h w e s t  O t h e r  
M e a n  W i n d  F r e q u e n c i e s  ( i n  p e r c e n t s )  
J a n u a r y  2 9 . 8 2  1 5 . 9 1  1 2 . 6 X  4 1 . 7 1  
F e b r u a r y  2 3 . 4  2 3 . 1  2 0 . 0  3 3 . 5  
M a r c h  2 1 . 9  1 4 . 2  2 9 . 0  3 4 . 9  
A p r i  1  3 9 . 6  1 0 . 0  1 8 . 1  3 2 . 2  
M a y  3 4 . 9  8 . 4  1 4 . 0  4 2 . 7  
J u n e  ( n o  d a t a )  - - _ _ 
J u l y  5 3 . 7  7 . 1  1 8 . 0  2 1 . 2  
A u g u s t  4 4 . 1  1 1 . 4  9 . 9  3 4 . 6  
S e p t e m b e r  3 5 . 7  1 3 . 1  1 4 . 4  3 6 . 8  
O c t o b e r  3 5 . 1  1 1 . 6  2 6 . 5  2 6 . 8  
N o v e m b e r  2 5 . 4  1 2 . 4  1 5 . 0  4 7 . 2  
D e c e m b e r  2 7 . 4  1 7 . 3  1 1 . 0  4 4 . 3  
M e a n  f r e q u e n c y  
f o r  y e a r  3 3 . 7  1 3 . 1  1 7 . 1  3 6 . 0  
M e a n  f r e q u e n c y  
M a y - S e p t e m b e r  4 2 . 1  1 0 . 0  1 4 . 1  3 3 . 8  
1974-1977 - St. Regis Reserve Vicinity 
1 9 7 6  
S o u r c e  o f  W i n d  
M o n t h  S o u t h w e s t  W e s t  N o r t h w e s t  O t h e r  
M e a n  W i n d  F r e q u e n c i e s  ( i n  p e r c e n t s )  
J a n u a r y  2 4 . 2 - .  2 1 . 6 1  1 7 . 9 1  3 6 . 3 1  
F e b r u a r y  2 7 . 1  1 4 . 8  2 2 . 8  3 5 . 3  
M a r c h  ( n o  d a t a )  - - - -
A p r i  1  1 5 . 4  2 3 . 9  2 8 . 3  3 2 . 4  
M a y  2 7 . 5  2 2 . 1  2 6 . 0  2 4 . 4  
J u n e  3 1 . 5  2 8 . 1  7 . 5  3 2 . 9  
J u l y  3 1 . 4  2 1 . 7  1 6 . 6  3 0 . 3  
A u g u s t  3 2 . 7  2 3 . 8  1 4 . 9  2 8 . 6  
S e p t e : ! . b e r ( n o  d a t a )  - - - -
O c t o b e r  1 6 . 9  9 . 2  3 4 . 1  3 9 . 8  
N o v e m b e r  2 3 . 7  2 5 . 5  3 3 . 6  1 7 . 2  
D e c e m b e r  1 7 . 8  1 5 . 3  3 3 . 0  3 3 . 9  
M e a n  F r e q u e n c y  
f o r  y e a r  2 4 . 8  2 0 . 6  2 3 . 5  3 1 . 1  
M e a n  F r e q u e n c y  
M a y - S e p t e m b e r  3 0 . 8  2 3 . 9  1 6 . 3  2 9 . 1  
1 9 7 5  
1 9 7 7  
M o n t h  S o u t h w e s t  
S o u r c e  o f  W i n d  
W e s t  N o r t h w e s t  
J a n u a r y  2 5 . 0 1  
F e b r u a r y  3 9 . 3  
M a r c h  2 3 . 0  
A p r i l  1 9 . 9  
M < jy  ( n o  d a  t  j  )  
J u n e  3 9 . 4  
J u l y  6 0 . 6  
A u i u s t  ( n o  d a t a )  
S f e p t t - m b e r  { : . o  d o  t a  )  
O c t o b e r  ( n o  d a t a )  
N u v e m b e r  3 3 . 2  
D e c e m b e r  1 3 . 2  
M t j n  f r e q u e n c y  
f o r  y e a r  3 1 . 8  
K t a n  f r e q u e n c y  
M a y - S e p t e m b e r  5 0 . 0  
M e a n  W i n d  F r e q u e n c i e s  O n  p e r c e n t T )  
O t h e r  —  lion L h  Southwest  
1 3 . 9 :  
1 9 . 5  
1.5 
1 1 . 1  
a.8 
1 4 . 5  
1 3 . 9  
1 7 . 9  
1 2 . 6  
1 1 . 7  
21,2". 
1 0 . 8  
2 7 . 3  
4 2 , 0  
8.2 
7 . 4  
1 3 . 9  
2 1 . 9  
1 9 . 1  
7 . 8  
3 9 . 9 "  
3 0 . 4  
4 7 . 4  
2 7 . 0  
4 3 . 6  
1 7 . 5  
3 9 . 0  
4 7 . 0  
3 b .  5  
3 0 . 6  
January 
F e b r u a r y  
M j r r h  
A p r i l  
M a y  
J u n e  ( n o  d a t a )  
J u l y  
A u g u s t  
S e p t e m b e r  
O c t u b e r  
N o v e m b e r  
D e c e m b e r  
M e a n  F r e q u e n c y  
f o r  y e a r  
M e a n  F r e q u e n c y  
M a y - S e p t e m b e r  
1  j . 0 ' .  
1 7 . 7  
1 5 . 8  
1 6 . 9  
1 8 . 4  
3 5 . 1  
3 2 . 8  
1 4 . 8  
1 5 . 2  
1 6 . 9  
1 8 . 4  
1 9 . 5  
2 5 . 2  
Wil!.d 
N o r t h w e s t  
( i n  p e r c e n t s " )  
_ W e s t _  
M e a n  W i n d  F r e q u e n c i e  
O t h e r  
3 9 . 9 '  
3 4 . 6  
2 4 . 9  
2 0 . 7  
2 8 . 8  
1 9 . 5  
2 6 . 7  
1 3 . 4  
1 8 . 6  
1 0 . 4  
1 6 . 0  
2 3 . 0  
2 2 . 1  
21.6: 
20 .1  
2 2 . 4  
2 5 . 7  
1 5 . 5  
1 6 . 2  
2 3 . 2  
1 6 . 2  
1 7 . 1  
1 8 . 4  
1 8 . 7  
1 9 . 6  
1 7 . 8  
2 5 . 5 :  
2 7 . 6  
3 6 . 9  
3 6 . 7  
3 7 . 3  
2 9 . 2  
1 7 . 3  
5 5 . 6  
4 9 . 1  
5 4 . 3  
4 6 . 9  
3 7 . 9  
3 4 . 9  
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Table 6 
MEAN WIND FREQUENCY BY YEAR 1974-1977 
ST. REGIS RESERVE VICINITY 
Wind Source 1974 (11)*  1975 (8)  1976 (10) 1977 (11) 
SW 33.7% 31 .8% 24.  8":  19.5% 
W 13.1 12.6 20.6 23.0 
NW 17.1 19.1 23.5 19.6 
Al l  other 36.0 36.5 31 .1 37.9 
d i  rect i  ons 
Table 7 
MEAN WIND FREQUENCIES FOR GROWING SEASONS 1974-1977 
ST. REGIS RESERVE VICINITY 
Wind Source 1974 (4)*  1975 (2)  1976 (4)  1977 (4)  
SW 42.1% 50.0% 30.8% 25.2% 
W 10.0 11.7 23.9 22.1 
NW 14.1 7.8 16.3 17.8 
Al l  other 33.8 30.6 29.1 34.9 
d i  rect i  ons 
*Numbers in  parentheses indicate the avai lable data in  months 
that  these mean f requencies are based on.  
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of  wind d i rect ion and the f luor ide contents at  the var ious vegetat ion 
col lect ion s i tes.  
Consistent  wi th th is  report ,  a rev iew of  the data shows that  in  
1976 there were fewer winds f rom the southwest  af fect ing Cornwal l  Is land 
than in  1974 or  1975;  in  1977,  however,  the f requency of  winds f rom the 
southwest  was even less.  Because of  the s igni f icance that  can be a t t r i ­
buted to increased ra infa l l  and decreases in  the f requency of  winds 
f rom the southwest  dur ing 1976,  the 1977 data in  the study reported 
herein prove to be par t icular ly  interest ing.  There was more ra in dur­
ing the 1977 growing season (3.66 inches more than in  1976) and less 
wind f rom the d i rect ion of  Reynolds.  I t  would be expected that  these 
two factors would contr ibute s igni f icant ly  to re lat ively low f luor ide 
levels being observed on the St .  Regis Reserve,  par t icular ly  in  the fa l l  
of  1977.  The data d iscussion sect ion,  however,  reveals that  th is  was 
not  the case.  
Ambient  A i r  Moni tor ing Data 
Whi le meteorological  factors wi l l  in f luence the deposi t ion of  a i r ­
borne pol lutants,  the major  factor  inf luencing degree of  contaminat ion 
of  p lant  or  animal  matter  is  the actual  amount o f  pol lutant  in  the a i r .  
A summary o f  the moni tor ing data for  atmospher ic  f luor ides is  there­
fore inc luded here in  order to help assess and expla in phenomenon ob­
served in  the St .  Regis area wi th respect  to locat ion and degree of  
f luor ide contaminat ion.  
The most  common method ut i l ized in the Cornwal l  Is land/St .  Regis 
area dur ing the past  decade has been " l ime candle"  moni tor ing,  con­
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sist ing of  f i l ter  paper cy l inders t reated wi th calc ium oxide or  other 
f luor ide-absorbing agents.  An est imate of  f luor ide contaminat ion is  
determined af ter  exposing the candles to a i r  for  stated t ime intervals 
(Jacobson and Weinste in,  1977).  F luor ide accumulat ion,  or  " f luor ida­
t ion rate,"  usual ly  is  expressed as micrograms (ug) of  f luor ide per 
2 100 cm per 30 days.  Al though l ime candles cannot  provide t ime-
speci f ic  informat ion about  actual  ambient  concentrat ions,  l ime candles 
do provide a good est imate of  overal l  f luor ide concentrat ions over t ime.  
The only agency current ly  ut i l iz ing l ime candles in  the Cornwal l  
Is land area is  the Ontar io Minist ry of  the Environment.  Environment 
Canada,  however,  conducts ambient  a i r  moni tor ing at  two stat ions on 
Cornwal l  Is land,  and the New York State Department of  Environmental  
Conservat ion operates a s tat ion just  northeast  of  the Reynolds '  prop­
er ty boundary.  
Environment Canada (EC) measures both gaseous and par t iculate 
f luor ides wi th a sequent ia l  sampler .  New York State ut i l izes coated 
g lass tubes to measure gaseous f luor ides and a h i -volume sampler  to 
measure tota l  suspended par t iculates.  The New York State DEC does not  
measure par t iculate f luor ide levels.  
L ime Candle Moni tor ing Data 
1969 New York State.  The Ontar io Ai r  Pol lut ion Contro l  Act  
establ ished a standard for  l ime candle f luor ide accumulat ion of  
40 ugF/100 cm /30 days.  In  1969,  New York State,  in  cooperat ion wi th 
Ontar io,  operated l ime candle stat ions at  seven areas around Reynolds 
and Alcoa.  State researchers,  in  thei r  1970 study,  reported that  "a l l  
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l ime candle stat ions exceeded ( the Ontar io)  standard,  a l though forage 
at  some s i tes d id not  exceed the forage standard" (Davis and Neighmond, 
1970).  The h ighest  ambient  f luor ide levels reported in  th is  study were 
recorded at  a s tat ion one-quarter  mi le northeast  of  Reynolds.  At  th is  
2 s i te,  l ime candle data ranged f rom 2,870 ug F/100 cm f rom May 22 to 
June 18 and 1,830 ug F/100 cm^ f rom September 17 to October 16.  The 
minimum reading at  th is  stat ion was 46 t imes h igher than the Ontar io 
standard.  At  the s i tes around Alcoa,  l ime candle data ranges f rom 
26 ug F/100 cm^/30 days to 95 ug F/100 cm^/30 days.  
In  addi t ion to the l ime candle s tat ion just  northeast  of  Reynolds,  
a s tat ion was p laced one-hal f  mi le east  of  the p lant  at  the U.S.  Customs 
House.  The lowest  reading at  the stat ion east  of  Reynolds was recorded 
when the h ighest  reading was recorded at  the stat ion to the northeast ;  
conversely,  the h ighest  reading at  the east  s tat ion was recorded when 
the levels recorded to the northeast  were lowest .  This i l lust rates the 
responsiveness of  ambient  f luor ides to changes in  wind pat terns.  I t  is  
probable that  when the predominant  winds were to the northeast ,  the 
lowest  ambient  readings were noted to the east  and v ice versa.  
1969 Ontar io Department of  Energy and Resources Management.  Whi le 
New York State was moni tor ing f luor ide concentrat ions around Reynolds 
and Alcoa,  S.  N.  L inzon (of  the Ontar io Department of  Energy and Re­
sources Management)  was s tudying the ef fects of  f luor ide on vegegat ion 
in  Ontar io (L inzon,  1971).  He reported l ime candle accumulat ions for  
the growing season as fo l lows:  
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1 mi le NE of  Reynolds 
1.25 mi les ENE of  Reynolds 
1.75 mi les W o f  Reynolds 
4550 ug F/100 cm^ 
932 ug F/100 cm^ 
n 
124 ug F/100 cm^ 
Accumulat ion in  areas northwest  and north-northwest  of  Reynolds 
was considerably lower.  Dur ing th is  t ime,  L inzon noted severe f luor ide 
in jury to Eastern whi te p ine,  Scots p ine,  t rembl ing aspen,  and choke-
cherry in  the area.  L inzon's vegetat ion and l ime candle data f rom the 
1969 growing season indicate that  the areas northeast  of  Reynolds on 
Cornwal l  Is land were the most  severely impacted.  
1973-1977 Ontar io Minist ry of  the Environment.  OME mainta ined 
l ime candles on Cornwal l  Is land and in  the v ic in i ty  of  Reynolds f rom 
1973 through 1977.  No moni tor ing was conducted around Alcoa.  Table 8 
presents the mean f luor idat ion rates observed dur ing the growing season 
per iod.  This data suggests that  ambient  f luor ide levels decreased 
steadi ly  f rom 1973 to 1976 but  that  there was no improvement between 
1976 and 1977.  In  fact ,  at  the two s i tes c losest  to Reynolds,  the 
mean f luor idat ion rates increased over 1976.  A l l  three s i tes were 
s t i l l  in  excess of  the 40 ug standard.  
Gaseous and Part iculate Fluor ide Moni tor ing Data 
1973-1977 New York State.  New York,  in  conjunct ion wi th Reynolds,  
has operated moni tors ut i l iz ing coated g lass tubes around Reynolds 
Metals Company s ince 1973 to measure ambient  concentrat ions of  gaseous 
f luor ides.  The agency a lso mainta ins h igh-volume samplers to measure 
concentrat ions of  tota l  suspended par t iculates;  there is  no separate 
measurement o f  par t iculate f luor ides.  Before 1974,  \ :ew York operated 
moni tors at  stat ions west  and northeast  of  Reynolds.  At  the present  
1 mi le NE of  Reynolds 
1.25 mi les ENE of  Reynolds 
1.75 mi les W o f  Reynolds 
4550 ug F/100 cm 
932 ug F/100 cm^ 
O 
124 ug F/100 cm^ 
Accumulat ion in  areas northwest  and north-northwest  of  Reynolds 
was considerably lower.  Dur ing th is  t ime,  L inzon noted severe f luor ide 
in jury to Eastern whi te p ine,  Scots p ine,  t rembl ing aspen,  and choke-
cherry in  the area.  L inzon's vegetat ion and l ime candle data f rom the 
1969 growing season indicate that  the areas northeast  of  Reynolds on 
Cornwal l  Is land were the most  severely impacted.  
1973-1977 Ontar io Minist ry of  the Environment.  OME mainta ined 
l ime candles on Cornwal l  Is land and in  the v ic in i ty  of  Reynolds f rom 
1973 through 1977.  No moni tor ing was conducted around Alcoa.  Table 8 
presents the mean f luor idat ion rates observed dur ing the growing season 
per iod.  This data suggests that  ambient  f luor ide levels decreased 
steadi ly  f rom 1973 to 1976 but  that  there was no improvement between 
1976 and 1977.  In  fact ,  at  the two s i tes c losest  to Reynolds,  the 
mean f luor idat ion rates increased over 1976.  A l l  three s i tes were 
s t i l l  in  excess of  the 40 ug standard.  
Gaseous and Part iculate Fluor ide Moni tor ing Data 
1973-1977 New York State.  New York,  in  conjunct ion wi th Reynolds,  
has operated moni tors ut i l iz ing coated g lass tubes around Reynolds 
Metals Company s ince 1973 to measure ambient  concentrat ions of  gaseous 
f luor ides.  The agency a lso mainta ins high-volume samplers to measure 
concentrat ions of  tota l  suspended par t iculates;  there is  no separate 
measurement o f  par t iculate f luor ides.  Before 1974,  New York operated 
moni tors at  stat ions west  and northeast  of  Reynolds.  At  the present  
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Table 8 
MEAN FLUORIDATION RATES 1973-1977 
ST. REGIS RESERVE VICINITY 
2 
May-September -  5-month average reported as ug F/100 cm /30 days 
(As reported by the Ontar io Minist ry of  the Environment)  
Sampl ing Stat ion 
Distance & Direct ion 
f rom Reynolds 1973 1974 1975 1976 1977 
0.8 m i  NE 98 
*
 
C
O
 
75 43 53 
2.0 mi NE 181 174* 138 92 96 
3.8 mi NE 137 72* 84 59 43 
2.4 m i  NNE 85 71 + 54 39 - -
2.5 mi NNE 85 49* 37 36 - -
0.8 mi N 88 81* 66 - - - -
1.7 mi N 91 100* 53 39 - -
3.5 mi N 87 65* 58 56 — 
*  Based on 4 months '  average 
+ 3 months '  average 
t ime,  however,  moni tors are mainta ined only at  a s i te 0.6 mi les north­
east  of  the p lant  at  the Reynolds boundary.  
At  the June 1977 meet ing of  the Internat ional  Joint  Commission,  
David Prosser of  the New York DEC presented the fo l lowing summary of  
contravent ions of  New York State standards around Reynolds ( IJC Hear­
ings Record,  1977):  
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- -No v io lat ions of  tota l  par t iculate standards 1973-1977 
- -1973:  5 v io lat ions of  12-hour gaseous standard (4.5 ppb) 
3 v io lat ions of  24-hour gaseous standard (3 .5  ppb) 
1 v io lat ion of  7-day gaseous standard (2.0 ppb) 
- -1974:  12 v io lat ions of  12-hour standard 
12 v io lat ions of  24-hour standard 
3 v io lat ions of  7-day standard 
2 v io lat ions of  1-month standard (1.0 ppb) 
- -No v io lat ions of  gaseous f luor ide standards s ince 1974.  
A complete set  of  New York State 's  moni tor ing data,  obta ined under 
the Freedom of  Informat ion Act ,  reveals that  levels as h igh as 17.6 ppb 
f luor ide were observed dur ing a 12-hour per iod;  the New York standard 
is  4.5 ppb.  
I t  should be noted,  however,  that  the data obtained f rom the New 
York State DEC indicate that  on June 30,  1977 (one day af ter  the IJC 
meet ing)  a reading of  5.27 ppb f luor ides,  which would represent  a 
v io lat ion of  the NYS 12-hour standard in  1977,  was recorded at  the 
northeast  s tat ion.  
The data a lso reveal  that  the proposed Canadian and Ontar io 24-
3 hour standard of  0.8 ug/m ,  i f  appl icable,  would have been exceeded 
consistent ly  in  1973 and 1974 and approximately 5-10% of  the recorded 
t imes in  1975,  1976,  and 1977.  The recorded exceedances of  New York 's  
ambient  s tandards,  the Ontar io cr i ter ia,  and proposed Canadian stan­
dards for  1977,  are presented in  Table 9.  
1976-1977 Environment Canada.  From Apr i l  15 through October 15 
of  both 1976 and 1977,  Environment Canada (EC) mainta ined two sequen­
t ia l  a i r  samplers on Cornwal l  Is land which separate gaseous and 
par t iculate f ract ions of  ambient  f luor ides.  Stat ion "A" was located 
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Table 9 
EXCEEDANCES OF AMBIENT AIR STANDARDS FOR GASEOUS FLUORIDES 
(Recorded at  the Northeast  Reynolds Stat ion,  1977 (New York State)  
Standard No. o f  Vio lat ions 
New York State 1 2-hour 
24-hour 
7-day 
30-day 
4.5 ppb) 
3.5 ppb) 
2.0 ppb) 
1.0 ppb) 
1 
None 
None 
None 
Ontar io cr i ter ia 24-hour 
30-day 
.82 ug/m3, 
.32 ug/m3, 
1.0 ppb) 5 
0.4 ppb) 1 
Proposed Canadian 24-hour 
7-day 
30-day 
.85 ug/m3, 
.55 ug/m3 
.35 ug/m3 ,  
1 .1 ppb) 5 
0.7 ppb) 1 
0.4 ppb) 1 
at  the Canadian Customs House,  1.1 mi les northeast  of  Reynolds,  and 
Stat ion "B",  2.5 mi les northeast .  In  1976,  EC moni tored 12-hour 
averages of  gaseous f luor ides at  both s i tes;  in  1977,  only 24-hour 
averages were recorded.  
Based on the data in  i ts  1976 and 1977 reports,  Table 10 l is ts  
Environment Canada's seasonal  averages measured for  gaseous and par t icu­
late f luor ides at  both stat ions,  and Table 11 l is ts  the f requencies of  
winds impact ing the ambient  a i r  moni tors on Cornwal l  Is land dur ing both 
moni tor ing per iods (Bumbaco,  1976,  1978).  Table 12 presents Environ­
ment Canada's compar ison of  both year 's  data wi th exist ing and proposed 
New York and Canadian ambient  s tandards.  
In 1976,  Bumbaco concluded that  the proposed Canadian standards 
were "exceeded a s igni f icant  amount o f  t imes" whi le the New York s tan­
dards (which are approximately three t imes more lenient)  were v i r tual ly  
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Table 10 
SEASONAL AVERAGES OF GASEOUS AND PARTICULATE 
FLUORIDE LEVELS IN AMBIENT AIR 
(Environment Canada Moni tor ing Data,  1976-1977) 
1976 1977 
Gaseous Part iculate Gaseous Part iculate 
Stat ion A 
Stat ion B 
.36 ug/m 
( .45 ppb) 
.28 ug/m3  
( .35 ppb) 
.35 ug/m 
( -44 ppb) 
.15 ug/m" 
( -18 ppb) 
.28 ug/m 
( .35 ppb) 
.28 ug/m3  
( .35 ppb) 
.61 ug/m 
( .76 ppb) 
.37 ug/m3  
( .46 ppb) 
Table 11 
FREQUENCY OF WINDS IMPACTING AMBIENT AIR MONITORS 
ON CORNWALL ISLAND 
(Environment Canada Moni tor ing Data,  Apr 15-Oct  15,  1976 and 1977) 
Frequency of  Winds 
Source 1976 1977 
Southwest  
West  
32% 
28% 
26% 
20% 
Table 12 
TABULATION OF FLUORIDE DATA RELATED TO AMBIENT AIR STANDARDS 
(Environment Canada Ambient Air Data, 1976-1977) 
Allowable Percent Time Allowable Level Exceeded 
Fluoride Station A Station B 
Agency Averaging Time Fluoride Type (ug/m^asHF*) 1976 1977 1976 1977 
Ontario 24-hr (Apr 15- Gaseous 0.82 9 4 4 3 
(criteria) Oct 15) 
24-hr (Apr 15- Total (Gas & 1.63 10 15 3 7 
Oct 15) Particulate) 
30-day (Apr 15- Gaseous 0.32 64 31 26 30 
Oct 15) 
30-day (Apr 15- Total (Gas & 0.66 62 69 2 48 
Oct 15) Particulate) 
New York 24-hour Gaseous <2.99 <1 <1 <1 <1 
State 1-week Gaseous <1.73 <1 <1 <1 <1 
(standard) 1-month Gaseous <0.84 <1 <1 <1 <1 
Canada 24-hour Gaseous 0.85 8 4 4 2 
(objective) 7-day Gaseous 0.55 15 8 5 3 
30-day Gaseous 0.35 52 28 10 21 
70-day Gaseous 0.20 >99 86 >99 >99 
^Corrected to standard temperature of 25°C and pressure of 760 mm Hg. 
I'ROIl: Bumbaco, M.J. and J.H. Shelton. January 1978. Ambient Air Levels of Fluorides at Cornwall 
Island, Ontario (April 15-0ctober 15, 1977). Air Surveillance Division, Environment Canada. 
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never exceeded.  The h ighest  concentrat ions of  both gaseous and par t icu­
late f luor ides at  each s tat ion were measured when the winds were b lowing 
f rom the d i rect ion of  Reynolds (southwest) .  At  Stat ion A (1.1 mi les 
northeast) ,  the breakdown of  f luor ides was 50% gaseous and 50 r .  par­
t icu late,  whi le at  Stat ion B (2.5 mi les northeast) ,  the f igures were 
60% gaseous and 40% par t iculate.  
In 1977,  Bumbaco noted that  the Ontar io cr i ter ia and proposed 
Canadian standards for  gaseous f luor ides were exceeded less of ten in  
1977 than in  1976 at  Stat ion A,  whi le the number of  v io lat ions of  
gaseous standards at  Stat ion B remained re lat ively unchanged.  
The raw ambient  a i r  data corre lates wel l  wi th the re lat ive numbers 
of  v io lat ions:  levels of  gaseous f luor ides were lower at  Stat ion A in  
1977 but  remained unchanged at  Stat ion B.  However,  par t icu late levels 
at  both stat ions doubled in  1977.  
The 24-hour standards for  gaseous f luor ides were exceeded only 
when the winds were b lowing predominant ly  f rom the southwest .  Twenty-
four  of  29 v io lat ions of  the Ontar io 24-hour cr i ter ia for  tota l  f luo­
r ides occurred when the winds were f rom the southwest  (d i rect ion of  
Reynolds) .  N£ v io lat ions of  any New York standards were noted in  1976 
or  1977.  
The 1976 ambient  data demonstrated that  levels of  both par t iculate 
and gaseous f luor ides were h igher at  the stat ion c losest  to Reynolds.  
In  1977,  however,  Stat ion A had h igher levels of  par t iculates than 
Stat ion B,  but  gaseous levels at  both stat ions were the same. This 
suggests that  the gaseous por t ions of  Reynolds '  emissions are remaining 
a i rborne longer than the Dart iculate f ract ions,  thus impact ing a larger 
area.  
Chapter 6 
METHODS AND MATERIALS 
Descr ipt ion of  Col lect ion Si tes 
Twenty-nine areas were sampled for  f luor ide concentrat ions in  
nat ive vegetat ion and smal l  mammal species.  
Ident ical  vegetat ion and smal l  mammal species types were col lec­
ted f rom contro l  s i tes in  s imi lar  geographical  areas,  approximately 
75 mi les southwest  of  the St .  Regis Reserve at  the Wel les ley Is land 
Nature Center ,  located in  the Thousand Is lands State Park,  New York.  
Because the ent i re northeast  Uni ted States is  a heavi ly  industr ia l ized 
region of  the country,  th is  contro l  s i te probably d id not  represent  a 
complete ly "unpol luted" area.  However,  observed levels do represent  
minimum f luor ide concentrat ions found in  vegetat ion and smal l  mammals 
in  a non- industr ia l ized area of  the northeastern Uni ted States.  
Descr ipt ion of  Nat ive Vegetat ion Species Sampled 
Geographical ly ,  the St .  Regis Reserve is  located in  a temperate,  
wet  c l imate and supports a wide d ivers i ty  of  nat ive hardwoods,  coni fers,  
shrubs,  forbs,  and grasses.  Table 13 indicates the re lat ive f luor ide 
sensi t iv i t ies of  some of  the species common to the v ic in i ty .  
The samples chosen at  each s i te were the common, widely d is t r ibuted 
species found in  the area.  Mani toba maple was sampled as f requent ly  as 
possib le because several  ear l ier  studies in  the area used th is  as the 
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Table 13 
RELATIVE SUSCEPTIBILITIES OF PLANTS 
TO ATMOSPHERIC FLUORIDE 
(Based on occurrence of  fo l iar  in jury)*  
Suscept i  b le Intermediate Tolerant  
Mani toba Maple 
Wi ld Grape 
Green Ash 
Quaking Aspen 
Whi te Sweet Clover 
Red-Osier  Dogwood 
Elm 
Oak Species 
Maples (Red,  Si lver ,  Sugar)  Wi l low sp.  
Sumac Basswood 
*Species l is ted were col lected f rom the St .  Regis Reserve -
Cornwal l  Is land study area in  1977.  
From: Weinste in,  Leonard H. "F luor ide and Plant  L i fe."  Journal  
of  Occupat ional  Medic ine 19(1) :49-78,  January 1978;  and Environmental  
Protect ion Agency.  "Reviews of  the Environmental  Ef fects of  Pol lutants:  
IX.  F luor ide."  EPA-600/1-78-050,  September 1980.  
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pr imary indicator  species for  f luor ide uptake.  Table 14 l is ts  the 
common and sc ient i f ic  names of  the species sampled in  1977 for  f luo­
r ide analys is.  
Because th is  study was completed dur ing only one growing season 
and because the preponderance of  vegetat ion in  th is  area is  deciduous,  
two col lect ions were made in  1977 to evaluate f luor ide accumulat ion in  
vegetat ion over t ime.  The f i rs t  col lect ion (summer)  took p lace in  July 
and August ,  and the second col lect ion ( fa l l )  was made in  late September 
and ear ly  October.  Dur ing the second col lect ion,  vegetat ion sampl ing 
was l imi ted to ash species,  dogwood, and mani toba maple because of  the 
wide d is t r ibut ion of  these species in  the areas around Reynolds and 
A1coa.  
F ie ld Sampl ing Procedures:  Nat ive Vegetat ion 
Si tes for  the col lect ion of  mixed,  nat ive vegetat ion samples were 
chosen on the basis of  geographical  and d i rect  exposures to e i ther  
Reynolds or  Alcoa,  types of  vegetat ion present ,  d is tances and d i rec­
t ions f rom the smel ters,  and accessib i l i ty .  Si tes were establ ished on 
Cornwal l  Is land,  the Uni ted States sect ions of  the St .  Regis Reserve,  
and at  var ious locat ions wi th in a f ive-mi le radius of  Reynolds and 
Alcoa.  Si tes were a lso sampled up to 20 mi les northeast  of  Reynolds.  
Several  species of  grasses and forbs,  shrubs,  and hardwood t rees 
were sampled and analyzed as descr ibed in  "Sample Preparat ion and 
Chemical  Analys is."  
Grasses and forbs were c l ipped 2 to 3 inches above the ground to 
avoid contaminat ion by soi ls  contain ing f luor ides.  Leaf  samples only 
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Table 14 
SPECIES COLLECTED FROM ST. REGIS RESERVE AND VICINITY 
COMMON AND SCIENTIFIC NAMES* 
Understory 
Common Name Scient i f ic  Name 
Grasses and Forbs 
Quack grass 
Reed canary grass 
T imothy 
Smooth brome 
Kentucky b luegrass 
Redtop 
Mi 1kweed 
Whi te sweet c lover 
Shrubs 
Sumac (Staghorn sumac) 
Dogwood (Red-osier)  
Wi ld grape (Frost  grape)!  
Agvopyvon repens (L. )  Beaux,  
PhaZavis avund-inaceae L.  
PhZeum pvatensis L.  
Bromus •inermis Leyss.  
Poa pratens-is L.  
Agrostis alba L. 
AsaZepi-as syrn-aca L.  
MeZ-LZotus alba Desr.  
Rhus typh-ina L. 
Cormus stoZonifeva Michx.  
V-itis ripai"ia Michx.  
Overstory 
Cottonwood 
Wi l low? 
Quaking aspen 
Basswood 
Elm (American) 
Red maple 
Sugar maple 
Si lver  maple 
Mani toba maple (Boxelder)  
Whi te ash^ 
Green ash3 
Black ash^ 
Whi te oak 
Red oak 
Bur oak 
Bi t ternut  h ickory 
PopuZus detto-Ldes Marsh.  
SaZix sp.  
PopuZus tremuZoi-des Michx.  
Ti, Z-La ccmev-toana L. 
UZrnus amevioana L.  
Acev Jpubirum L. 
A. saccharum Marsh.  
A. sacchari-num L.  
A. negundo L. 
Fraxinus atv.eviaana L. 
F. pennsyZvan-Lcus Marsh.  
F. nigra Marsh.  
Quevaus aZba L.  
Q. boreaZis Michx.  
Q. macvocavpa Michx.  
Cavya aovdi. form-L s Wang. 
*From Gleason,  Henry A.  and Arthur Cronquist .  Manual  o f  Vascular  
Plants of  Northeastern Uni ted States and Adjacent  Canada.  D.  Van 
Nostrand Co. ,  N.Y.  1963.  
(cont inued) 
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Table 14 Footnotes 
^Cl imbing v ine found predominant ly  at  shrub height  (3-5 feet  f rom 
ground).  
2 
Because of  the d i f f icu l ty  in  separat ing Wi l lows,  ident i f icat ions 
were made only to the genus level .  However,  s ince character is t ics 
d i f fered qui te not iceably at  several  co l lect ion areas,  species were 
grouped in to four  general  categor ies as fo l lows.  These sub-categor ies 
are noted in  the raw data tables.  
Wi1 low Type A:  Leaves 3-4 in . ,  very smal l  bud scars,  f ine 
serrat ions 
Type B:  Leaves 3-4 in . ,  large brownish bud scars,  
conspicuous serrat ions 
Type C: Leaves 1-2^ in . ,  dark prominent  bud scars,  
conspicuous serrat ions 
Type D: Leaves 2-3 in . ,  smal l  bud scars,  b lunt  
serrat i  ons 
Note:  Gleason and Cronquist  ident i fy  31 Sal ix  sp.  but  note that  
" the species are d i f f icu l t  to def ine and probable hybr ids 
abound."  
3 
Ash species were somet imes d i f f icu l t  to d ist inguish.  The fo l ­
lowing character is t ics were pr imar i ly  used for  ident i f icat ion along 
wi th f ru i t  character is t ics as descr ibed by Gleason and Cronquist :  
Whi te ash:  Leaf lets 5-9,  twigs and leaves most ly  g labrous 
Green ash:  ( Inc luding Red ash) leaf lets 5-9,  twigs and leaves 
densely pubescent  to less of ten glabrous 
Black ash:  Leaf lets 7-11,  sessi le,  conspicuously serrate 
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were taken f rom quack grass,  reed canary grass,  t imothy,  and smooth 
brome; stems and f lower heads were d iscarded.  The leaves,  stems, and 
f lower heads of  Kentucky b luegrass,  red top,  and whi te sweet c lover 
were col lected.  Mi lkweed samples consisted of  leaf  mater ia l .  
Samples were col lected f rom exposed s ides of  shrubs,  and the leaf  
mater ia l  (wi th pet io les)  were saved for  analys is.  Pole pruners were 
used to sample the exposed fo l iage of  hardwoods at  an average height  
of  20 to 25 feet  above the ground.  At  least  four  separate branches 
were c l ipped f rom each t ree.  Leaves and pet io les were saved for  anal­
ys is;  only leaf lets and pet io lu les were saved f rom ash species and 
b i t ternut  h ickory ( the "woody" pet io les and rachis were d iscarded).  
Laboratory Preparat ion and Chemical  Analys is:  Nat ive Vegetat ion Species 
Laboratory preparat ion.  Four samples of  each species were col ­
lected at  each s i te when possib le.  Each sample was p laced in  a brown 
paper bag l is t ing species name, s i te number,  indiv idual  sample number 
(1,  2,  3,  or  4) ,  and date of  col lect ion.  Smal l  tags wi th the same 
informat ion were p laced in  the bag wi th the sample.  
Sample bags were taken to a temporary f ie ld lab at  the St .  Regis 
Vi l lage School  and a i r -dr ied for  3 to 4 days.  They were then sent  to 
the Univers i ty  of  Montana Environmental  Studies Laboratory (EVST) in  
Missoula for  analys is.  Once in  the EVST Lab,  the dr ied,  unwashed 
samples were p laced in  forced a i r  ovens (70°-90°F) for  72 to 96 hours 
to complete the dry ing process.  Dr ied samples were ground through a 
20-mesh wire screen,  p laced in  labeled 13-dram v ia ls  wi th the or ig inal  
ident i f icat ion tag,  and stored unt i l  analys is.  
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Chemical  analys is for  f luor ides (speci f ic  ion electrode method).  
The method of  f luor ide (F~) analys is employed in  th is  study was devel­
oped in  1970 at  the Univers i ty  of  Montana Environmental  Studies Labora­
tory.  This method incorporates the Or ion f luor ide speci f ic  ion 
electrode as the f luor ide sensor.  I t  is  precise and rapid,  and com­
parat ive resul ts  using other techniques are in  agreement.  
For each sample,  0.50 g of  dr ied,  ground p lant  mater ia l  was p laced 
in  a 35-ml n ickel  crucib le wi th 0.05 g of  low f luor ine calc ium oxide 
and s lurr ied wi th d is t i l led water .  The s lurry was f i rs t  dr ied and then 
charred under in f rared,  t ransferred to a muff le furnace,  and ashed 
overnight  at  600°C. The crucib les were covered dur ing ashing.  
When the crucib les were cool ,  the ash was moistened wi th d is t i l led 
water ,  d issolved in  a minimum of  30 percent  perchlor ic  ac id,  made to 
100 ml wi th 50 percent  TISAB, t ransferred to a p last ic  beaker,  p laced 
on a magnet ic  s t i r rer ,  and the electrodes inserted into the st i r red 
solut ion.  The solut ion was insulated f rom the heat  of  the s t i r rer  wi th 
a hal f  inch of  sponge,  and the mi l l ivo l t  (MV0) reading was recorded 
af ter  the e lectrodes had equi l ibrated.  
Immediate ly pr ior  to sample analys is,  the electrodes were cal i ­
brated wi th standard solut ions of  the fo l lowing f luor ide concentrat ions:  
0.05,  0.10,  0.50,  1.0,  5.0,  10.0,  and 19.0 ppm. The preparat ion of  the 
cal ibrat ion curve and the calculat ion of  the f luor ide concentrat ion of  
unknown samples were computer ized.  
Samples wi th f luor ide concentrat ions fa l l ing below the useful  
range of  the cal ibrat ion curve were t reated by adding suf f ic ient  f luo­
r ide to br ing them into the mi l l ivo l t  range.  For most  p lant  mater ia ls ,  
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1 ml of  a 5.0 ppm F solut ion was suf f ic ient .  Reagent  b lanks (CaO) 
were carr ied through the ent i re procedure wi th each ser ies of  samples 
in  order to determine any f luor ide contaminat ion in  the procedure.  
Samples of  known f luor ide concentrat ions were run dai ly  to insure 
precis ion and accuracy of  the method.  
Col laborat ive analyses.  Af ter  chemical  analys is of  samples f rom 
the f i rs t  col lect ion (summer) ,  14 samples were chosen at  random ( f luo­
r ide values ranging f rom 0.9 to 482 ppm),  sp l i t  and stored in  dupl icate 
v ia ls ,  and sent  to the WARF Inst i tute in Madison,  Wisconsin for  col lab­
orat ive f luor ide analys is.*  These resul ts  are presented in  Table 15.  
F ie ld Sampl ing Procedures:  Smal l  Mammals 
Smal l  mammals were t rapped on three s i tes on the St .  Regis Reserve 
and one contro l  s i te.  At  each s i te,  one hundred standard snap-t raps 
were bai ted wi th st r ing soaked in  bacon grease,  and t rap- l ines were 
set  in  the designated f ie lds;  the t raps were set  out  in  the evening and 
checked in  the morning.  Al l  specimens were labeled wi th the date of  
col lect ion and s i te number,  s tored in  plast ic  whir l -paks and f rozen 
for  t ransport  back to the EVST Lab.  Once in  the lab,  the animals were 
ident i f ied by species,  weighed,  and the femurs (wi th epiphyses) were 
removed.  
Composi te forage and grass samples for  comparat ive purposes were 
a lso col lected at  each s i te and analyzed for  f luor ide using the same 
method as descr ibed for  nat ive vegetat ion species.  
*WARF Inst i tute,  now cal led "Ral tech Scient i f ic  Serv ices,  Inc."  
P.  0.  Box 7545,  Madison,  Wisconsin 53707.  
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Table 15 
RESULTS OF COLLABORATIVE ANALYSES FOR 
FLUORIDE LEVELS IN VEGETATION 
Ppm Fluor ide 
Sample Descr ipt ion 
Environmental  Studies 
Missoula,  Montana 
WARF Inst i tute 
Madison,  Wisconsin 
Green ash leaves SRC-4 1.2 0.8 
Elm leaves SRC-4 2.2 1 .4  
Basswood leaves SR9-4 11.7 6.6 
Mani toba maple leaves SR6- 1 18.0 19.3 
Mi lkweed leaves SR5-4 25.3 19.8 
Timothy leaves F2-8 30.0 34.1 
Dogwood leaves SR3-3 39.7 41 .6 
Sumac leaves SR8-4 51 .4 63.8 
Dogwood leaves SR8-4 80.5 78.6 
Mi lkweed leaves SR8-3 117.1 141 
Wi ld grape SRI0-1 123.4 148 
Red maple SR7A-1 150.2 133 
B.  h ickory SR6-1 214.7 294 
B.  h ickory SR8-2 482 (R=453)*  712 (R=655)*  
*R = repeat  analys is 
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The purpose of  the t rapping ef for t  was to determine levels of  
f luor ide accumulat ions in  smal l  mammals f rom areas var ious distances 
f rom Reynolds.  Sample s izes var ied widely,  and no at tempt was made 
to determine populat ion s izes,  d is t r ibut ions,  age of  animals,  or  
var iat ions of  f luor ide content  between males and females.  
Laboratory Preparat ion and Chemical  Analys is:  Smal l  Mammals 
Laboratory preparat ion.  The whole femur bones were def leshed by 
hand as thoroughly as possib le and then boi led in  Alconox for  2 hours,  
or  unt i l  a l l  remaining f lesh was removed f rom the sur face of  the bone.  
Af ter  dry ing the bones in  a vacuum oven,  they were defat ted by 
boi l ing wi th at  least  s ix  changes of  petro leum ether and again dr ied.  
Chemical  analys is of  f luor ides.  One of  each pai r  of  dry femurs 
was weighed,  p laced in  a n ickel  crucib le and ashed at  600°C overnight .  
The crucib les were removed f rom the muff le furnace,  cooled in  a dessi -
cator  and the ash was d issolved in  2 ml o f  20% hydrochlor ic  ac id.  
The d issolved ash was d i lu ted to 100 ml wi th 50" TISAB in  d ist i l led 
water  and the f luor ide act iv i ty  was determined wi th a speci f ic  ion 
electrode.  
The speci f ic  ion electrode was cal ibrated dai ly  wi th standard 
solut ions contain ing f luor ide concentrat ions ranging f rom 0.01 ppm 
to 19.0 ppm. The e lectrode response in  mi l l ivo l ts  of  the standard 
solut ions and unknown solut ions,  and the weight  of  each sample were 
entered in to a computer  program to calculate concentrat ions of  f luo­
r ide in the unknown samples.  F luor ide concentrat ions were reported on 
a dry,  fat - f ree basis.  
Chapter 7 
RESULTS -  NATIVE VEGETATION SPECIES 
The nat ive vegetat ion s i tes sampled in  the St .  Regis Reserve 
v ic in i ty  dur ing the summer and fa l l  of  1977 are l is ted in Table 16 
and graphical ly  i l lust rated in Figures 3 and 4.  Parts per mi l l ion 
(ppm) mean f luor ide concentrat ions,  sample standard errors (SE) and 
sample s ize (n)  are presented by species in  th is  chapter .  Appendix B 
contains a master  l is t  of  a l l  data col lected wi th in each s i te.  This 
master  l is t  inc ludes a few miscel laneous species of  vegetat ion which 
were col lected only rare ly,  and for  which l i t t le  comparat ive data was 
generated (quack grass,  reed canary grass,  and smooth brome grass;  
wi l low species and a var iety of  oaks) .  
Resul ts  -  Grasses 
The mean ppm f luor ide content  and the sample standard errors of  
the predominant  grass species f rom the v ic in i t ies of  Reynolds and 
Alcoa are presented in  Table 17.  F igure 5 graphical ly  i l lust rates the 
mean f luor ide content  in  t imothy leaves (Phleum pratensis L. ) ,  the most  
consistent ly  avai lable grass species,  f rom the summer co l lect ion.  
Timothy leaves were only sampled f rom three of  the s i tes dur ing the 
fa l l  (second col lect ion)  and no other grass species were col lected at  
that  t ime.  
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Table 16 
NATIVE VEGETATION COLLECTION SITES AROUND REYNOLDS AND ALCOA 
Si te Distance/Direct ion 
Number From Reynol  ds^ Household Locat i  on 
Nat ive Vegetat ion Si tes 
*SR 1 1 .0 mi ,  45" NE 
30° NE 
70° ENE 
Cornwal l  Is . ,  Ontar io 
*SR 2 1.5 mi ,  Cornwal l  Is . ,  Ontar io 
*SR 3 4.8 mi ,  St.  Regis Vi l lage,  Quebec 
*SR 4 1 .7 mi ,  60° ENE 
70° ENE 
Frankl in Co. ,  NY 
*SR 5 3.6 mi ,  Cornwal l  Is . ,  Ontar io 
*SR 6 2.3 mi ,  70 ENE 
105° SE 
300 NW 
20° NNE 
50° NE 
W. Whi  te  Frankl in Co. ,  NY 
SR 7 0.7 mi ,  St .  Lawrence Co. ,  NY 
SR 9 1 .4 mi ,  Barnhart  Is land,  NY 
*SR 10 0.9 mi ,  Cornwal l  Is . ,  Ontar io 
*SR 11 2.5 mi ,  E. Benedi  c t  Cornwal l  Is . ,  Ontar io 
SR 17 10 mi ,  NE Ontar io,  Canada 
SR 18 20 mi ,  NE Ontar io,  Canada 
SR 19 2.0 mi ,  270° W 
40° NE 
65° NE 
St .  Lawrence Co. ,  NY 
*SR 21 1 .4 mi ,  N. Poi  n t  Cornwal l  Is . ,  Ontar io 
SR 23 0.6 mi ,  New York State 
SR Con­ 75 mi  ,  SW New York State 
t ro l  
Mani toba Maple 
rBX 1 
2 
3 
4 
5 
6 
Contro l  
*BX 
*BX 
*BX 
*BX 
BX 
1.3 mi ,  
1.2 mi ,  
1.6 mi ,  
3.2 mi ,  
3.6 mi ,  
1.3 mi ,  
75 mi 
1 5 
- 0  
NNE 
N 
N 
NE 55 .  
115° SE 
210° SW 
SW 
F.  Mi tchel l  
J .  Thompson 
R. Seymour 
A.  Lazore 
I .  Papineau 
Cornwal l  Is . ,  Ontar io 
Cornwal l  Is . ,  Ontar io 
Cornwal l  Is . ,  Ontar io 
Cornwal l  Is . ,  Ontar io 
Frankl in Co. ,  NY 
St .  Lawrence Co. ,  NY 
New York State 
Si te Distance/Direct ion 
Number From Alcoa^ Household Locat i  on 
Nat ive Vegetat ion Si tes 
SR 
SR 
SR 
SR 
SR 
SR 
*SR 
8 
12 
13 
14 
15 
16 
22 
SR Con­
t ro l  
2.0 mi ,  
1.9 mi ,  
1.8 mi ,  
2.3 mi ,  
0.7 mi ,  
3.4 mi ,  
4.0 mi ,  
75 mi  
35° NE 
75° ENE 
90° E 
255° SW 
50° NE 
140° SE 
30° NE 
SW 
Osmun 
Barnhart  Is land,  NY 
St .  Lawrence Co. ,  NY 
St .  Lawrence Co. ,  NY 
St .  Lawrence Co. ,  NY 
St .  Lawrence Co. ,  NY 
St .  Lawrence Co. ,  NY 
Sheek Is land,  Ontar io 
New York State 
*Si tuated on the St .  Regis Reserve 
Bear ings f rom Reynolds (or  Alcoa) to the col lect ion area 
Figure 3 
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Manitoba Maple Collection Sites 
Table 17 
MEAN FLUORIDE CONTENT (ppm) OF SELECTED GRASSES 
SUMMER AND FALL COLLECTIONS 1977 
SITES AROUND REYNOLDS METALS COMPANY 
Timothy 
Kentucky 
Blue Grass Red-Top 
White Sweet 
Clover 
Summer Fall Summer Summer Summer 
SR 10 
SR 1 
SR 2 
SR 4 
SR 6 
SR 5 
SR 3 
0.9 rni NNE 
1.0 mi NE 
1.5 mi NE 
SR 9 1.4 mi NW 
100 
n=4 SE=19.6 
132 
n=4 SE=3.9 
52 
n=4 SE=9.3 
1.7 mi ENE 25 
n=3 SE-l. 3 
2.3 mi ENE 19 
n=2 SE=5.0 
3.6 mi ENE 10 
n=4 SE=l. 0 
4.8 mi ENE 8 
n=4 SE=0.4 
28 
ii='l 
2 
n=l 
66 
n=4 SE-l6. 9 
68 
n=4 SE=8.9 
24 
n=4 SE=4.9 
5 
n=2 SE-l. 8 
1 
n=4 SE=0. 3 
6 
n=4 SE=l.e n=4 SE=0.6 
n=4 SE=l. 5 >i=4 SE=0.9 
99 
n=4 SE=20.1 
125 
n=4 SE='?.S." 
52 
n=4 SE=16. '6 
49 
n=4 SE=5.2 
21 
n=4 SE=i.8 
17 18 
n=4 SE=l. 6 n=4 SE=4.l 
6 15 
n=4 SE=l.2 n=4 SE=1.4 
5 
8 
• 4 SE=l. 
SE = sample standard error 
n = number of samples 
CD 
cn 
Table 17 (continued) 
MEAN FLUORIDE CONTENT (ppm) OF SELECTED GRASSES 
SUMMER AND FALL COLLECTIONS 1977 
SITES AROUND ALCOA 
Timothy 
Kentucky 
Blue Grass Red-Top 
Summer Fall Summer Summer 
White Sweet 
Clover 
Summer 
SR 15 
SR 8 
SR 13 
SR 14 
0.7 mi NE 
2.0 mi NE 
1.8 mi E 
2.3 mi SW 
79 
n=l 
113 
u=4 SE=8.8 
16 
H—'i BE=1.4 
16 
, = 4  3 E = 2 . 0  
2 4  6  
;•=; SE=0.7 
-'E--8. r 
33 
SF=4.7 
45 
)!=•} 5E=5.t 
::E=0.7 
>:=•] EE=0. ? 
58 
>i=4 EE-4 
15 
EE^l.P 
n-' t SE=0. (' 
Controls 1 . 6  
n=4 SE=0. 1 
SE = sample standard error 
n = number of samples 
2 . 1  1.3 
r.=-- t.-'s 
t '  
1 . 1  0 . 9  
v.=4 SE=0.,-> n= ' SE--0.: 
Figure 5 
MEAN FLUORIDE CONTENT, UNWASHED TIMOTHY LEAVES, VICINITY OF REYNOLDS, ALCOA 1977 
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Grasses f rom s i tes northeast  of  both Reynolds and Alcoa had ex­
t remely h igh f luor ide levels,  50 to 80 t imes h igher than grasses f rom 
contro l  areas.  
In general ,  as the d istance f rom Reynolds increased and d i rec­
t ions deviated f rom the northeast  quadrant ,  f luor ide levels decreased 
at  the s i tes around the fac i l i ty .  At  the two s i tes northeast  of  Alcoa,  
however,  th is  d i f fered somewhat.  Grass samples,  and samples of  several  
other nat ive vegetat ion species were consistent ly  lower at  the s i te 
less than one mi le northeast  of  Alcoa (SR 15) than samples f rom 2.0 
mi les northeast  (SR 8)  of  the p lant .  In the Alcoa v ic in i ty ,  due to the 
predominant ly  gaseous emissions,  maximum f luor ide deposi t ion was noted 
at  points far ther  away rather than adjacent  to the source (as observed 
around Reynolds) .  
The var ious grass species wi th in each s i te also var ied consider­
ably,  i l lust rat ing di f ferences in f luor ide uptake rates.  Fluor ide 
levels in  grasses f rom the s i tes around both Reynolds and Alcoa are 
comparable and can be considered e levated at  a l l  s i tes.  
Very few t imothy samples were able to be col lected in the fa l l ,  
but  f luor ide levels in  the leaves of  th is  species fo l lowed a pat tern 
evident  in  several  other species.  The l imi ted sampl ing of  t imothy at  
the s i tes around Reynolds showed the f luor ide content  to be consider­
ably lower in  the fa l l  than in  the summer,  but  at  the one s i te 1.8 
mi les east  of  Alcoa (SR 13) ,  means and standard errors showed that  the 
f luor ide content  of  t imothy increased over the summer months.  
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Fluor ide levels found in  other grass species are l is ted in Table 
17.  Resul ts  show that  levels in  grasses f rom around both sources are 
comparable and can be considered e levated at  a l l  s i tes.  
Resul ts  -  Shrubs and Forbs 
Table 18 presents the mean f luor ide content  and sample standard 
errors found in  var ious species wi th in the shrub and forb canopy layer 
dur ing both sampl ing per iods f rom s i tes around Reynolds and Alcoa.  For 
comparat ive purposes,  resul ts  of  dogwood (Cornus s to loni fera Michx.)  
samples taken in  the fa l l  f rom only the s i tes northeast  of  Alcoa and 
Reynolds ( in  the predominant  wind path)  are summarized in  Table 19.  
F igure 6 i l lust rates the mean f luor ide content  of  dogwood leaves (sum­
mer and fa l l  col lect ions)  and Figure 7 the mean f luor ide content  of  
wi ld grape leaves.  
Leaves of  the common forb mi lkweed were sampled because i t  was 
found v i r tual ly  everywhere on the Is land and because some of  the t ra­
di t ional  Indian fami l ies s t i l l  consider i t  of  medic inal  value,  and 
therefore of  importance to the Tr ibe (St .  Regis Indians,  personal  
communicat ion,  1977).  Mi lkweed f rom s i te SR 1,  1.0 mi les northeast  of  
Reynolds,  contained a mean of  219 ppm (SE=50.7) ,  and mi lkweed f rom the 
s i te 0.9 mi les north-northeast  of  the p lant  (SR 10) contained 130 ppm 
(SE=5.7) .  Samples f rom the s i tes 1.5 mi les northeast  and 1.7 mi les 
east-northeast  contained a mean of  42 (SE=10.8)  and 48 (SE=4.4)  ppm 
f luor ide,  respect ively,  and samples f rom s i tes far ther  away or  in  other 
d i rect ions contained considerably less.  However,  i t  should be noted 
that  mi lkweed samples f rom UD to  20 mi les northeast  of  Reynolds s t i l l  
Table 18 
MEAN FLUORIDE CONTENT (ppm) OF FORBS AND SHRUBS 
SUMMER AND FALL COLLECTIONS 1977 
SITES AROUND REYNOLDS METALS COMPANY 
Milkweed Sumac Wild Grape Dogwood 
Summer Summer Summer Summer Fall 
SR 10 0. 9 mi  NNE 130 249 196 
C
O
 <x> 
174 
n=3 SE=5. 7 n=4 SE=32. 4 f,=4 SE=47.8 n=2 SE=72. 8 n=4 SE=36. 
SR 23 0. 6 mi  NE 389 
"V?  7  
SR 1 1. 0 mi  NE 219 106 142 182 
u— L 
118 
n=4 SE=50,7 n=4 SE=ll. 3 ,1=0 SE=42.8 n=4 SE=16. 7 n=4 SE=l4., 
SR 21 1. 4 mi  NE 122 
n=4 SE=3.2 
SR 2 1. 5 mi  NE 52 47 40 51 
n=4 SE=lO. 8 n=4 SE=9.2 n=4 SE=b.l >i=4 SE=5. 9 
SR 11 2. 5 mi  NE 47 
n=4 SE=6. 4 
SR 17 10 mi  NE 14 8 1 26 
n=l n=4 SE=2.3 n=2 SE=0. 7 n=4 SE=0. 8 
SR 18 20 mi NE 16 9 18 
n=3 SE=3. 8 n=3 SE~l. 7 n=4 SE=l. 9 
SR 4 1. 7 mi  ENE 48 24 25 42 36 
n=4 SE=4.4 n=4 SE=l.9 n=4 SE=4. 3 n=2 SE=0.7 n=4 SE=3.3 
SR 6 2. 3 mi  ENE 18 15 4 21 
n=4 SE=1.4 n=4 SE=l. 3 n=4 SE=0.8 n=4 SE=l. 5 
SR 5 3. 6 mi  ENE 25 16 23 35 16 
n=3 SE=0. 4 7t=3 SE=0.3 n=2 SE=0.4 n=4 SE=S. 2 ,i=4 SE=2.8 
SR 3 4. 8 mi  ENE 10 5 4 23 14 
n=4 SE=1.3 n=4 SE=0. 7 n=4 SE=0. (' n=4 SE=5. 7 n=4 SE=l. 9 
SR 7 0. 7 mi SE 315 
it="• >' E='.'6. L< 
(continued) 
Table 18 (continued) 
MEAN FLUORIDE CONTENT (ppm) OF FORBS AND SHRUBS 
SUMMER AND FALL COLLECTIONS 1977 
Sites Around Reynolds Metals Company 
Milkweed Sumac Wild Grape Dogwood 
Summer Summer Summer Summer Fall 
SE = sample standard error 
n = number  of samples 
BX 5 3, 6 mi SE 10 
ii=2 SE=l. 8 
BX 6 1 .  3 mi SW 22 
n=3 SE=l. 6 
SR 9 1 .  ,4 mi NW 10 6 6 16 27 
n=4 SE=l.D n=4 SE=0.9 11=4 flE=0.9 n=2 SE=3.5 n=4 SE=2.3 
Sites Around Alcoa 
SR 15 0 .  7 mi NE 68 61 11 117 143 
n=4 SE=lO.8 n=4 SE=8. h=4 EE=2.8 n=4 SE=l3.0 n=4 SE=22. i 
SR 8 2, 0 mi NE 115 71 64 119 127 
n=4 SE=18. 9 ii=4 SF:=O. o >=4 SE=l<\3 11=4 SE=: li'.t n=4 SE=l2., 
SR 22 4. 0 mi NE 46 
n=4 SE=4. [> 
SR 12 1 .  9 mi ENE 25 
n=4 f'E=4. 7 
SR 13 1 ,  .8 mi E 13 8 13 34 
n=4 SE=2.9 n=4 SE=l.9 
C
\] 
II r-
* 
n=4 SE=4. 1 
SR 16 3, .4 mi SE 5 3 12 
n=4 SE=0. 4 n=4 SE=0. 7 n=4 SE=l.9 
SR 14 2 .3 mi SW 10 3 3 31 
n=4 SE-2.5 it=4 SE=0.7 n=4 SE=0. 5 n=4 SE=3. -J 
Control 0.9 0.9 1.6 2.1 3.3 
n=l K=4 SE=0. 3 n=4 SE=0. 3 n=4 SE=0.5 n=4 SE=0. 5 
cn 
62 
Table 19 
MEAN FLUORIDE CONTENT (ppm) OF DOGWOOD LEAVES 
COMPARISON OF SITES NORTHEAST OF ALCOA AND REYNOLDS 
FALL COLLECTION 1977 
Northeast  of  Alcoa 
0.7 mi NE 
2.0 mi NE 
4.0 mi NE 
143.2 (SE=22.8) 
127.4 (SE=12.3) 
45.8 (SE=4.5) 
Northeast  of  Reynolds 
0.6 mi NE 
1.0 mi NE 
1.4 mi NE 
389.5 (n=Z) 
117.7 (SE=14.8) 
121.9 r .  v - / . : ;  
1.5 mi NE 5 1 . 5  ( S E = .  3  )  
SE = sample standard error  
n = number o f  samples 
Figure 6 
MEAN FLUORIDE CONTENT, UNWASHED DOGWOOD FOLIAGE, VICINITY OF REYNOLDS, ALCOA 1977 
i  389.5 :  3,5.1 
SUMMER COLLECTION ' 
3001 CONTROL VALUES 
FALL COLLECTION 
SUMMER 2.1 PPM 
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MEAN FLUORIDE CONTENT, UNWASHED WILD GRAPE FOLIAGE ,  VICINITY OF REYNOLDS, ALCOA 
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contained more than 15 t imes the f luor ide concentrat ions found wi th in 
the contro l  s i te.  
Mi lkweed f rom areas around Alcoa average 68 ppm (SE=10.8) ,  0.7 
mi les northeast ,  and 115 ppm (SE=18.9) ,  2.0 mi les northeast .  As noted 
wi th the grasses,  the h ighest  levels were found at  the s i te 2.0 mi les 
f rom Alcoa rather than adjacent  to the source,  in  contrast  to the maxi­
mum values noted adjacent  to Reynolds.  
Accumulat ion of  f luor ides in  sumac leaves fo l lowed a pat tern s imi­
lar  to mi lkweed.  The h ighest  concentrat ions were found 0.9 mi les north-
northeast  of  Reynolds,  where the average f luor ide content  was 249 ppm 
(SE=32.4) .  As the d istance of  s i te locat ions increased f rom the sources 
and d i rect ions deviated f rom the northeast  quadrant ,  mean f luor ide con­
tents decreased.  Concentrat ions wi th in the s i tes northeast  of  Alcoa 
were 60 to 70 t imes h igher than those noted wi th in the contro l  area.  
Wi ld grape (Vi t is  r iparea Michx.)  leaves,  found at  the shrub level  
in  natural  habi tats,  are extremely sensi t ive to f luor ide damage and 
have of ten been used by the Ontar io Minist ry of  the Environment per­
sonnel  as v isual  indicators of  f luor ide in jury in  the St .  Regis area 
(Pearson,  1978).  As seen f rom the graph i l lustrat ing mean concentra­
t ions (Figure 7) ,  samples f rom wi th in the s i tes northeast  of  each source 
had the h ighest  f luor ide accumulat ions and levels decreased as d istances 
f rom the source increased.  
Red-osier  dogwood leaves proved to be very ef f ic ient  scavengers of  
f luor ides and th is  was the only species f rom the shrub and forb canopy 
layer col lected dur ing the fa l l .  Resul ts  of  these col lect ions f rom 
the s i tes around Reynolds showed that  f luor ide levels were general ly  
lower in  the fa l l  than summer,  as noted f rom the means and sample 
standard errors.  The except ions were at  the s i te 0.9 mi le north-
northeast  of  the p lant ,  where levels were comparable,  and at  the s i te 
1.4 mi les northwest  of  Reynolds where levels increased.  Also,  several  
new s i tes were added around Reynolds in  the fa l l .  Dogwood leaves 
sampled in  the fa l l  f rom the northeast  corner of  Reynolds '  property 
( less than 1 mi le f rom the fac i l i ty)  averaged 389 ppm (n=l) ,  315 ppm 
(SE=26.5)  f rom 0.7 mi le southeast  of  Reynolds,  and 122 ppm (SE=3.2)  
f rom 1.4 mi les northeast  of  Reynolds.  
Concentrat ions in  dogwood samples f rom around Alcoa col lected in 
the fa l l  were comparable to the levels noted in  the summer despi te 
heavy ra ins dur ing the interval .  Table 19 i l lust rates that  dogwood 
sampled in  the fa l l  f rom the two s i tes wi th in two mi les northeast  of  
Alcoa had comparable,  e levated f luor ide concentrat ions wi th levels 
decreasing s igni f icant ly  at  4.0 mi les northeast .  
Resul ts  -  Deciduous Trees 
Mean f luor ide contents of  several  species of  maples (Acer rubrum L.  
Acer saccharumMarsh. ,  and Acer sacchar inumL.)  sampled f rom areas around 
Reynolds and Alcoa dur ing the summer co l lect ion per iod are shown in  
Table 20.  Samples f rom the most  impacted areas (SR 1 and SR 10,  wi th in 
1 mi le of  Reynolds,  on Cornwal l  Is land) and SR 7 (0.7 mi le southeast  of  
Reynolds)  had exceedingly h igh f luor ide levels.  The h ighest  concentra­
t ion observed was found at  s i te SR 10 (0.9 mi le northeast) ,  where 
leaves of  red maple had a mean f luor ide content  of  251 ppm (n=l) .  As 
noted wi th other nat ive vegetat ion species,  f luor ide levels in  the 
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Table 20 
MEAN FLUORIDE CONTENT (pDm) UNWASHED RED, SILVER, 
SUGAR MAPLE FOLIAGE 
SUMMER COLLECTION 1977 
Si tes Around Reynolds 
Red Maple Sugar Maple Si lver  Mapl i  
SR 10 0.9 mi NNE 251 
n— 1 
SR 1 1 .0 mi NE 91 
n=2 SE=12.9 
SR 2 1 .5 mi NE 21 60 
n=2 £E=7. 7 >i=2 SE=25. 
SR 11 2.5 mi NE 22 
r=4 SE=2.8 
SR 17 10 mi NE 13 
y.=c 5E=0. 4 
SR 5 3.6 mi ENE 21 
>i=3 SE=0. 7 
SR 7 0.7 mi SE 106 104 
>i=5 SE=lS.o yz=Z SE=22.7 
SR 19 2.0 mi W 11 
>i=4 3E=2. 2 
Sites Around A1 coa 
SR 8 2.0 mi NE 29 
n=4 CIL = 1-. u 
SR 13 1 .8  mi E 4 
71=4 3E=l. Z 
Contro l  2 0.9 0.8 
n=4 Sn=0.4 71=4 SE=0. 4 n=2 SE=0.3 
SE = sample standard error  
n = number of  samples 
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maples general ly  decreased wi th increasing distances and deviat ions 
f rom the northeast  quadrant  around each fac i l i ty .  
Resul ts  of  analys is of  basswood fo l iage (Ti l ia  amer icana L. )  f rom 
s i tes around Reynolds and Alcoa dur ing the summer and fa l l  are presented 
in  Table 21.  Excessively h igh values were found at  s i tes less than 
one mi le f rom Reynolds on Cornwal l  Is land and at  the s i te 0.7 mi le 
southeast  of  Reynolds.  The mean f luor ide content  of  basswood leaves 
f rom the contro l  areas was 0.6 ppm (SE=0.2) ;  values found around Rey­
nolds represent  concentrat ions f rom 200 to 400 t imes h igher and around 
Alcoa 100 t imes h igher than these observed values.  
Resul ts  of  f luor ide analys is of  cot tonwood (Populus del to ides 
Marsh.) ,  quaking aspen (Populus t remuloides Michx.) ,  and e lm (Ulmus 
amer icana L. )  fo l iage from the summer co l lect ion are presented in  
Tables 22 and 23.  Highest  concentrat ions were again found to the 
northeast  of  Reynolds and Alcoa,  and southeast  of  Reynolds.  F luor ide 
content  of  fo l iage f rom the most  impacted areas around Reynolds were 
h igher than in  areas around Alcoa.  Compar ison of  the s i tes 0.7 mi le 
northeast  of  Alcoa and two mi les northeast  of  Alcoa again demonstrate 
the pat tern of  h igher concentrat ions noted far ther  away,  rather than 
in  adjacent  areas,  as was consistent ly  noted in  the samples col lected 
around Reynolds.  
The resul ts  of  f luor ide analys is of  fo l iage from Bi t ternut  h ickory 
(Carya cordi formis Wang.)  leaves f rom both the summer and fa l l  col lec­
t ions are presented in  Table 24.  This species was found to contain 
excessively h igh levels of  f luor ides at  a l l  s i tes,  but  i t  was a lso 
noted that  samples f rom the contro l  area contained an average of  
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Table 21 
MEAN FLUORIDE CONTEMT (ppm) UNWASHED BASSWOOD FOLIAGE 
SUMMER COLLECTION 1977 
Si tes Around Reynolds 
Locat ion ppm F 
SR 10 0.9 mi NNE 
SR 1 1.0 mi NE 
SR 2 1.5 mi NE 
SR 17 10 mi NE 
SR 6 2.3 mi ENE 
SR 5 3.6 mi ENE 
SR 7 0.7 mi SE 
SR 9 1.4 mi NW 
Contro l  
160 
n=4 SE=16. 3 
259 
n=2 SE=30.6 
n~o 
n=o 
37 
SE=2. e 
15 
13 
SE=l. .5 
11 
n=l 
153 
n=S SE=17. 7 
1 2  
n=2 SE=0.8 
0.6 
n=4 SE=0.2 
Sites Around Alcoa 
Locat i  on 
SR 8 2.0 mi NE 
SR 12 1.9 ENE 
Contro l  
ppm F 
65 
n=4 SE=19. 0 
1 6  
r=4 
0.6 
n=4 SE=0.2 
SE = sample standard error  
n = number of  samples 
T a b l e  2 2  
MEAN FLUORIDE CONTENT (ppm) UNWASHED COTTONWOOD 
AND QUAKING ASPEN FOLIAGE 
SUMMER COLLECTION 1977 
Sites Around Reynolds 
Location Cottonwood 
SR 5 3.6 mi ENE 19 
n=-l SE=0.£ 
SR 7 0.7 mi SE 
SR 9 1.4 mi NW 
Control 
12 
n=4 SE=l.4 
1.4 
u=S SE=0.5 
Aspen 
SR 10 0.9 mi NNE 65 
n=4 SE=9.I 
SR 1 1.0 mi NE 161 
n=4 SE-24.8 
SR 4 1.7 mi ENE 25 
n=4 SE=2.4 
SR 6 2.3 mi ENE 
Location 
Sites Around Alcoa 
Cottonwood 
157 
n=4 SE-67. 4 
28 
n=4 CE=0. 1 
18 
n-4 SE=l.I 
19 
n--4 SE=l. 
106 
n=2 SE=S. 6 
1 . 1  
71=3 SE=0. C 
SR 12 1.9 mi ENE 14 
71= L 
Control 1.4 
)i=3 SE=0.i> 
Aspen 
SR 8 2.0 mi NE 33 80 
n=?. SE=9.4 ii-S SE=22.8 
1 . 1  
SE=0.6 
SE = sample standard error 
ii = number of samples 
O 
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Table 23 
MEAN FLUORIDE CONTENT (ppm) UNWASHED ELM FOLIAGE 
SUMMER COLLECTION 1977 
Si tes Around Reynolds Si tes Around Alcoa 
Locat i  on ppm F Locat i  on ppm F 
SR 1 1.0 mi NE 158 SR 15 0.7 mi NE 52 
n=Z r=4 3E=5. 
SR 2 1.5 mi NE 53 SR 8 2.0 mi NE 71 
-*.=4 SE=7.3 n=4 3E=l6 
SR 17 10 mi NE 11 
r=4 SE=0. 9 
SR 18 20 mi  NE 7 
SR 4 1.7 mi ENE 62 SR 12 1.9 mi ENE 11 
n=l k=4 SE=l.5 
SR 6 2.3 mi ENE 19 SR 13 1.8 mi E 8 
n=l k=5 SE=2. 2 
SR 7 0.7 mi SE 85 SR 16 3.4 mi SE 2 
?:=c EE=54. 5 n=4 SE=0.4 
SR 19 2.0 mi W 17 SR 14 2.3 mi SW 5 
n=2 SE=5.5 n=4 SE=0.5 
Contro l  1.9 Contro l  1.9 
n=4 SE=0.4 n=4 SE=0.4 
SE = sample standard error  
n = number of  samples 
Table 24 
MEAN FLUORIDE CONTENT (ppm) UNWASHED BITTERNUT HICKORY FOLIAGE 
SUMMER AND FALL COLLECTIONS 1977 
Location 
Sites Around Reynolds 
Summer Fall 
SR 21 1.4 mi NE 
SR 6 2.3 mi ENE 
SR 9 1.4 mi NW 
Control 
207 
n=2 SE=7.4 
246 
n=l 
705 
n=2 SE=199.8 
279 
n=P. SE-49.6 
291 
n=3 SE=23.5 
161 
n=4 SE=16. 7 
Location 
Sites Around Alcoa 
Summer Fall 
SR 8 2.0 mi NE 500 650 
>1=2 SE=17.3 >1=2 SE=UW. 
SR 12 1.9 mi ENE 
Control 
398 
n=l 
648 
n=2 SE=64.3 
161 
u=4 SE=l6. 7 
SE = sample standard error 
n = number of samples 
I  O 
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161 ppm (SE=16.7)  f luor ide,  which is  much h igher than any other 
species f rom an unpol luted habi tat .  Because th is  species apparent ly  
contains h igh levels of  natural ly-occurr ing f luor ides,  i t  is  probably 
not  an accurate indicator  of  ambient  f luor ide contaminat ion.  
Other h igh accumulators of  ambient  f luor ides in the St .  Regis 
area were the three ash species (genus Fraxinus),  two of  which ("green" 
and "whi te"  ash) were par t icular ly  abundant  in  the area.  These resul ts  
are presented in  Table 25.  Extensive sampl ing of  ash species dur ing 
the fa l l  col lect ion y ie lded f luor ide values ranging f rom 3 ppm (SE=0.3)  
a t  the s i te 1.4 mi les northwest  of  Reynolds,  out  of  the predominant  
p lume path,  to exceedingly h igh (greater  than 300 ppm) a t  the more 
impacted s i te just  southeast  of  the source.  Because only one species 
of  ash usual ly  was found at  each s i te,  i t  was d i f f icu l t  to del ineate 
which,  i f  any,  of  the species accumulated the greatest  amount o f  f luo­
r ides.  Based on the avai lable data and the sample standard errors f rom 
s i tes SR 21 (1.4 mi les northeast  of  Reynolds)  and SR 7 (0.7 mi le south­
east  of  Reynolds) ,  where more than one species was sampled,  i t  appears 
that  b lack ash may be the h ighest  accumulator .  Black ash is  used by 
the Indians in  basket-making,and because th is  wood is  in  great  demand, 
very l i t t le  black ash was found in  the area.  
Dur ing the summer,  the h ighest  f luor ide levels in  ashes were 
found wi th in s i tes northeast  of  each f luor ide source and v/ i th in the 
s i te just  southeast  of  Reynolds.  Because of  the very l imi ted data 
wi th in each species,  however,  no consistent  pat tern was noted in  the 
f luor ide accumulat ions between the summer and fa l l  col lect ions.  
Table 25 
MEAN FLUORIDE CONTENT (ppm) UNWASHED FOLIAGE - ASH SPECIES 
SUMMER AND FALL COLLECTIONS 1977 
Sites Around Reynolds 
White Ash Green Ash Black Ash 
Location Summer Fall Summer Fall 
BX 3 1.6 mi N 7 
n=3 SE=0.9 
SR 10 0.9 mi NNE 111 
BX 1 1.3 mi NNE 
Yl— u 
20 
J I
I to II £
 
SR 23 0.6 mi NE 270 
n=L SE=4J. 8 
SR 1 1.0 mi NE 367 
n=l 
SR 21 1.4 mi NE 106 153 
n=2 SE=16.4 n=4 SE=l2, 8 
SR 2 1.5 mi NE 26 25 
n=4 . 5 n=l 
SR 18 20 mi NE 6 
n=4 illl-O.Z 
SR 6 2.3 mi ENE 30 
m=2 SE=1.4 
SR 5 3.6 mi ENE 21 12 
n=l n=4 SE=4.o 
SR 7 0.7 mi SE 78 294 
n=8 SE=l4. 3 n-4 SE-32.6 
BX 6 1.3 mi SW 13 
n=4 SE=3.4 
SR 9 1.4 mi NW 3 8 10 
(continued) 
n=2 SE=0.3 n=2 SE=l.l n=4 SE=2. 0 
Summer Fall 
128 
n-l 
176 
; SE=7. 
63 355 
n-l n-l SE=4u 
Table 25 (continued) 
MEAN FLUORIDE CONTENT (ppm) UNWASHED FOLIAGE - ASH SPECIES 
SUMMER AND FALL COLLECTIONS 1977 
Sites Around Alcoa 
Location 
White Ash Green Ash 
Summer Fall Summer Fall 
Black Ash 
Summer Fall 
SR 15 0.7 mi NE 
SR 8 2.0 mi NE 
SR 22 4.0 mi NE 
SR 12 
Control 
1.9 mi ENE 
SR 16 3.4 mi SE 
SR 14 2.3 mi SW 
29 
n=l 
149 
n=5 SE=Sl.4 
23 
n=4 SE=2.0 
20 
n-l 
1.5 
n=4 JE-0.3 
45 102 
n=4 SE=5.D n=4 SE=14.9 
22 
n=4 SE=0.8 
>i=4 SE=0. o 
0.9 
n=4 £E=o.u 
25 
>i=4 SE=5.0 
2.6 
n=4 SE=0.I 
1.9 4.8 
n=l n=4 GE=0.6 
SE = sample standard error 
n = number of samples 
CJ1 
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Figure 8 graphical ly  i l lust rates the mean f luor ide content  of  ash 
species f rom the fa l l  col lect ion.  Elevated levels were found southwest  
of  both p lants,  where the f luor ide content  of  green ash 2.3 mi les f rom 
Alcoa was a lmost  twice as h igh as green ash 1.3 mi les f rom Reynolds.  
Again,  the h ighest  levels were found wi th in one mi le northeast  and 
southeast  of  Reynolds and two mi les northeast  of  Alcoa.  
Si te SR 22,  a new col lect ion area dur ing the fa l l ,  was located on 
Sheek Is land,  four  mi les northeast  of  Alcoa.  Because e levated f luor ide 
levels were observed two mi les northeast  of  Alcoa on Barnhart  Is land 
dur ing the summer wi th in several  species,  an at tempt was made to deter­
mine the extent  of  emissions in  the same wind path at  areas even fur ther  
away.  Resul ts  of  ash sampl ing on Sheek Is land indicated that  there 
were s t i l l  e levated levels of  f luor ide in the vegetat ion,  but  the means 
and sample standard errors wi th in each s i te support  the fact  that  at  
four  mi les northeast  of  Alcoa ambient  concentrat ions were s igni f icant ly  
lower than those observed at  the impacted Barnhart  Is land s i te two 
mi les f rom Alcoa.  
The species most  commonly sampled by other agencies in  the Corn­
wal l  Is land -  St .  Regis Reserve area has been Mani toba maple,  or  "box-
e lder"  (Acer negundo L. ) .  Fi f teen s i tes were sampled in  th is  study for  
Mani toba maple in  the fa l l ,  several  of  which had been sampled by the 
Ontar io Minist ry of  the Environment (OME) a lso dur ing 1977.  Resul ts  
of  the f luor ide analys is of  th is  species in  the fa l l  ( representat ive 
of  the tota l  growing season accumulat ion)  are presented in  Table 26 
a long wi th resul ts  of  OME's analyses of  f luor ide content  at  the same 
or  comparable s i tes (Pearson,  1978).  OME presents average f luor ide 
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levels by month (June,  July,  August)  and the growing season mean based 
on these three analyses;  no sample s izes or  standard errors were re­
ported.  Figure 9 graphical ly  i l lust rates th is  author 's  resul ts  and 
OME's growing season averages of  these observed f luor ide accumulat ions.  
Mani toba maple was found at  only one s i te around Alcoa,  2.3 mi les 
southwest  of  the p lant .  The f luor ide concentrat ion of  Mani toba maple 
at  th is  s i te was 39 ppm (SE=3.2) .  These resul ts  are comparable wi th 
Mani toba maple at  the s i te hal f  the d istance southwest  of  Reynolds 
(BX 6,  1.3 mi les southwest) ,  where the mean f luor ide content  of  Mani­
toba maple was 24 ppm (SE=3.2) .  This fo l lows the general  pat tern 
not iced wi th in other species:  the more e levated concentrat ions of ten 
appear a t  greater  d istances f rom, rather than adjacent  to,  Alcoa.  
Only one s i te around each f luor ide source was sampled both in  the 
summer and fa l l .  Mani toba maple wi th in both s i tes accumulated con­
s iderable amounts of  f luor ide dur ing the interval .  At  the Reynolds 
s i te,  SR 6 (2.3 mi les northeast)  the summer mean was 20 ppm (SE=0.8)  
and the fa l l  mean was 35 ppm (SE=2.3) .  At  s i te SR 14 (2.3 mi les south­
west  of  Alcoa),  the summer mean was 5 ppm (SE=0.6)  and the fa l l  mean 
was 39 ppm (SE=3.2) .  This is  a reversal  of  the usual  pat tern noted 
around Reynolds,  where the fa l l  col lect ions f luor ide values were com­
parable or  lower wi th in most  s i tes.  
The resul ts  reported by OME at  comparable s i tes general ly  showed 
increases in  f luor ide content  each successive month.  The most  not ice­
able increases were observed at  the s i tes 0.9 mi le and 1.9 mi les 
northeast  of  Reynolds.  At  these impacted areas,  OME's seasonal  
averages were considerably h igher than the values found in  the study 
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reported herein.  This could be due to the fact  that  a large percenta 
of  the ambient  f luor ide at  the s i tes c lose to Reynolds may have been 
caused by par t iculate f luor ide deposi t ion,  a theory supported by the 
1977 ambient  moni tor ing data.  Because h igher than normal  amounts of  
ra in fe l l  dur ing September and October,  the values found in  October 
in  th is  study may have been lower because of  par t iculate removal  by 
th is  ra infa l l  (OME sampled only through August) .  
Chapter 8 
RESULTS -  SMALL MAMMAL SPECIES 
Resul ts  
Because of  the l imi ted numbers of  wi ld animals inhabi t ing Cornwal l  
Is land and t ime and equipment constra ints,  col lect ions were l imi ted to 
smal l  mammal species (mice,  moles,  and shrews).  These mammals were 
col lected f rom two s i tes on Cornwal l  Is land and f rom one s i te on the 
New York State sect ion of  the Reserve,  a t  vary ing distances and d i rec­
t ions f rom Reynolds.  No smal l  mammals were sampled f rom the Alcoa 
v ic in i ty .  The predominant  species t rapped were meadow voles (Microtus 
pennsylvanicus)  and short - ta i l  shrews (Blar ina brevicada).  Occasion­
a l ly ,  deer mice (Peromyscus maniculatus)  and jumping mice (Zapus hud-
sonius)  were t rapped,  wi th one house.mouse (Mus musculus)  and one 
masked shrew (Sorex c inereus) a lso col lected.  Contro l  samples of  each 
of  these species were t rapped f rom the same area where vegetat ion con­
t ro ls  were sampled (Wel les ley Is land Nature Center)  and f rom one addi­
t ional  area in  the state of  Pennsylvania.  
The voles and shrews were the most  p lent i fu l  and s ince they 
normal ly  do not  range far  for  thei r  food,  i t  was assumed they would 
ref lect  the amount o f  f luor ide contaminat ion in  the area in  which they 
were found.  
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Table 27 l is ts  mean femur f luor ide values (x)  in  ppm dry fat - f ree 
weight ,  sample s ize (n) ,  sample standard errors (SE) and h igh and low 
femur f luor ide concentrat ions of  the species col lected f rom each s i te.  
Also inc luded are mean body weights (x)  in  grams, sample standard 
errors of  the animals,  and the mean f luor ide content  of  a composi te 
grass sample f rom each s i te.  
Femur f luor ide values for  meadow voles f rom s i te #2,  1.1 mi les 
northeast  of  Reynolds ( the most  impacted area),  ranged f rom 1310 to 
5599 ppm, wi th a mean of  3775 ppm (SE-355.2) .  These values were 9 to 
40 t imes h igher than those found in  contro l  animals.  As an indicat ion 
of  the overal l  magni tude of  contaminat ion at  th is  s i te,  f luor ide con­
centrat ions in  a composi te grass sample averaged 88 ppm. Femur f luo­
r ide levels in  short - ta i l  shrews f rom th is  area ranged f rom 5284 to 
8678 ppm, wi th a mean of  6557 ppm (SE=514.9) .  This represents values 
7 to 12 t imes h igher than those found in  contro l  animals.  At  s i tes #1 
and #3 (2.3 mi les northeast  and 1.3 mi les east-northeast  of  Reynolds,  
respect ively) ,  femur levels of  both species were s l ight ly  lower,  
ranging f rom 2 to 10 t imes h igher than contro ls.  F luor ide concentra­
t ions in  composi te grass samples at  both of  these s i tes were 25 and 
13 ppm f luor ide,  respect ively.  In general ,  s i te #2 (1.1 mi les north­
east) ,  s i te #1 (2.3 mi les northeast) ,  and s i te #3 (1.3 mi les east-
northeast)  represent  areas of  h igh,  intermediate,  and moderate f luor ide 
contaminat ion,  respect ively,  based on f luor ides found in  the composi te 
grass samples.  The same t rend is  consistent ly  seen in  femur f luor ide 
values f rom each s i te.  As noted wi th nat ive vegetat ion col lect ions 
around Reynolds,  the most  impacted area is  the c losest  to Reynolds in  
a northeaster ly  d i rect ion,  wi th f luor ide levels decreasing as d istances 
f rom the source increase and d i rect ions deviate f rom the predominant  
p lume path.  
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Chapter  9 
DISCUSSION 
Nat ive Vegetat ion Species 
The resul ts  of  f luor ide analys is of  nat ive vegetat ion species 
show a substant ia l  degree of  var iabi l i ty  wi th in s i tes,  wi th in species 
and wi th in the indiv iduals of  each species.  This phenomenon is  not  
unusual ,  however,  in  natural  ecosystems because of  the number of  fac­
tors inf luencing plume d ispers ion and subsequent  vegetat ive uptake 
of  pol lutants.  
The var iabi l i ty  in  the response wi th in cer ta in p lant  species or  
indiv iduals to f luor ide accumulat ion is  the resul t  of  both b io logic 
and environmental  factors.  Researchers have ident i f ied that  p lants 
d i f fer  inherent ly  in  the b io logic character is t ies which inf luence the 
suscept ib i l i ty  or  to lerance to f luor ides (Weinste in,  1977).  Environ­
mental  factors such as temperature,  l ight  qual i ty ,  re lat ive humidi ty ,  
precip i tat ion,  soi l  condi t ions,  posi t ion of  the leaf  or  leaves on the 
p lant  and presence of  insects or  parasi tes a l l  inf luence the response 
of  a speci f ic  p lant  to f luor ide uptake and in jury (EPA, 1980).  Also,  
pol lutant  character is t ies such as par t ic le s ize or  type,  gas to 
part iculate rat io,  d ispers ion rates,  concentrat ion and durat ion of  
exposure and rates of  set t l ing a l l  contr ibute to the p lants '  exposure.  
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While these factors determine var iabi l i ty  wi th in the species and 
s i tes,  the f luor ide resul ts  general ly  indicate that  d istance and d i rec­
t ion from the source were most  responsib le in  determining the dosage 
del ivered to a s i te.  Stands of  vegetat ion wi th open,  unobstructed 
exposure,  and in  locat ions immediate ly downwind of  e i ther  source accumu­
lated the largest  quant i t ies of  f luor ides,  and acted as natural  shie lds 
for  the areas and vegetat ion beyond.  An example can be seen in  a com­
par ison of  the resul ts  of  vegetat ion analyses f rom s i tes SR 21 and SR 2:  
SR 21 was located 1.4 mi les northeast  of  Reynolds on a downhi l l  s lope,  
exposed to and immediate ly downwind of  Reynolds.  Si te SR 2,  the Corn­
wal l  Is land School  area,  however,  was located only 0.1 mi le far ther  
away but  in  an area wi thout  open exposure to Reynolds.  The f luor ide 
content  of  vegetat ion at  SR 21 was three to s ix  t imes h igher than 
levels in  vegetat ion f rom SR 2.  This natural  shie ld ing phenomenon can 
expla in why s imi lar  species of  vegetat ion f rom areas wi th in c lose prox­
imi ty of  each other exhib i ted tremendous d i f ferences in  f luor ide uptake.  
Based on the data generated in  th is  study,  the areas most  consis­
tent ly  impacted by f luor ides in the Reynolds v ic in i ty  dur ing the summer 
and fa l l  of  1977 were wi th in 1.5 mi les northeast  of  Reynolds on Corn­
wal l  Is land and less than one mi le southeast  of  the source in  New York 
State.  
Si tes on Cornwal l  Is land wi th unobstructed exposure to Reynolds 
were most  extensively af fected.  In these areas excessive levels of  
f luor ides accumulated in  the grasses,  forbs,  shrubs,  deciduous t rees,  
and smal l  mammals,  ev idence of  f luor ides moving up the food chain.  
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Sites far ther  away,  or  in  more shel tered areas f rom Reynolds,  
accumulated lower f luor ide levels,  but  concentrat ions at  a l l  sampl ing 
s i tes on Cornwal l  Is land and the St .  Regis Reserve can be considered 
e levated.  
Because a large port ion of  the atmospher ic  pol lutants f rom Reynolds 
were par t iculates and the ef f luents in  general  were v is ib ly  dense,  the 
most  severe contaminat ion occurred wi th in a mi le of  the p lant ;  the 
part iculates apparent ly  fa l l  out  in  a re lat ively short  d is tance,  whi le 
the a i rborne gaseous emissions apparent ly  af fect  the areas far ther  away.  
Because of  the predominant  wind pat terns in  the area,  Cornwal l  
Is land is  subjected to the most  consistent ,  h igh- level  fumigat ions 
f rom Reynolds.  However,  as noted in  th is  study and in  studies carr ied 
out  by the Ontar io Minist ry of  the Environment f rom 1977 through 1981,  
when the d i rect ional  wind pat terns are s igni f icant ly  a l tered (as was 
the case in  August  through October 1977),  fumigat ions of  ambient  f luo­
r ide pol lutants shi f ted to the areas af fected by these a l tered wind 
pat terns.  
F luor ide levels observed in  vegetat ion in  the Alcoa v ic in i ty  indi ­
cate that  h igh levels of  atmospher ic  f luor ides af fected areas around 
Alcoa,  par t icular ly  to the northeast ,  a t  even greater  d istances f rom 
the source than noted around the Reynolds v ic in i ty .  Whereas the most  
impacted areas around Reynolds were adjacent  to the p lant  wi th levels 
decreasing as d istances increased,  the most  impacted area sampled 
around Alcoa was two mi les northeast  of  the p lant .  Mean f luor ide values 
and sample standard errors at  s i te SR 15,  less than hal f  the d istance 
northeast  of  Alcoa,  were s igni f icant ly  lower for  many of  the vegetat ion 
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species.  At  the s i te four  mi les northeast  of  the p lant  (SR 22) ,  
f luor ide levels again decreased markedly as compared to the s i te two 
mi les away,  a l though concentrat ions in  dogwood and ash were s t i l l  at  
least  10 t imes h igher than contro l  samples.  
The var iable a i r  currents caused by the large masses of  cold 
water  bodies ( the St .  Lawrence Seaway) in  the area probably inf luence 
the pat tern of  f luor ide deposi t ion in  certa in areas.  In addi t ion,  the 
nature of  the emissions themselves af fects pat terns of  contaminat ion.  
As of  1977,  Reynolds '  emissions were approximately 32 tons of  
tota l  f luor ides per year,  of  which at  least  92 tons/year were gaseous.  
Alcoa's emissions were approximately 297 tons of  gaseous f luor ides 
alone per year;  th is  was more than three t imes as much gaseous f luo­
r ides as that  g iven of f  by Reynolds,  wi th no est imate avai lable on 
Alcoa's par t iculate f luor ide emissions.  However,  par t icu lates emit ted 
f rom Alcoa v is ib ly  appeared to be very smal l  and probably d id not  
set t le  out  as quick ly as par t iculates f rom Reynolds.  This theory is  
supported by the vegetat ion data f rom both areas,  which suggested that  
vegetat ion uptake was the resul t  of  the more gaseous and smal l  par t icu­
late ambient  emissions f rom Alcoa being carr ied far ther  than the heavier  
par t iculate emissions f rom Reynolds.  Because Alcoa's emissions were 
d ispersed at  these substant ia l  d is tances f rom the source and because 
the St .  Regis Reserve lands are less than e ight  mi les downwind of  Alcoa,  
i t  is  possib le that  Reynolds may not  be the sole source of  f luor ide 
contaminat ion on Reserve lands.  The e levated levels observed four  
mi les northeast  of  Alcoa would suggest  that  Alcoa's emissions may 
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contr ibute to the overal l  exposure of  Reserve lands to ambient  f luor ide 
pol lut ion.  
The data obtained dur ing the fa l l  1977 col lect ion per iod versus 
the summer co l lect ion around Alcoa fur ther  support  the content ion that  
the emissions f rom Alcoa were predominant ly  gaseous and af fected a 
wider area.  Whi le most  of  the f luor ide levels in  vegetat ion col lected 
dur ing the fa l l  around Reynolds remained re lat ively stable or  decreased 
(wi th the except ion of  s i te SR 7,  0.7 mi le southeast) ,  the means of  
samples col lected f rom the Alcoa area dur ing th is  second col lect ion 
per iod consistent ly  increased,  d i f fer ing by at  least  one standard error  
as compared to the summer values.  
Because of  the extremely heavy ra ins that  occurred between the 
col lect ion per iods,  par t iculate f luor ide deposi ts  f rom Reynolds may 
have been washed of f  or  leached f rom vegetat ion.  I t  has been reported 
that  the b ioel iminat ion of  f luor ides can occur not  only through the 
loss of  leaves or  twigs,  but  through leaching by ra in (EPA, 1980).  
However,  the observat ions suggest  that  the vegetat ion af fected by the 
more gaseous emissions around Alcoa steadi ly  accumulated f luor ides 
throughout  the growing season.  
The most  notable except ion to th is  t rend was observed at  s i te SR 7,  
0.7 mi le southeast  of  Reynolds.  Mean f luor ide concentrat ions in  green 
ash samples f rom th is  s i te were s igni f icant ly  h igher in  the fa l l  than 
in  the summer.  The t rend of  decreasing values noted at  most  o f  the 
other s i tes around Reynolds was probably at t r ibutable to the heavy 
ra infa l l  (as ment ioned above) and the decrease in  the winds af fect ing 
the usual ly  impacted areas dur ing that  t ime (Chapter  5) .  Fumigat ions 
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at SR 7 in late August and September,  however,  may have been so concen­
t rated that ra in did not af fect  f luor ide levels s igni f icant ly or these 
fumigat ions may have contained relat ively large amounts of  gaseous 
f luor ide,  not as easi ly removed by moisture.  Also,  winds inf luencing 
th is area to the southeast increased dur ing the inter im per iod.  The 
combinat ion of  these factors probably caused the s igni f icant increases 
noted at  th is s i te.  
Another factor that  may have contr ibuted to the decrease in f luo­
r ide values noted around Reynolds in the fa l l  is  premature loss of  
af fected leaves. Weinstein (1977) suggested that  t rees may e l iminate 
f luor ides by premature shedding of  leaves. The net ef fect  of  th is is  
a l imi ted or decreased total  f luor ide concentrat ion found in the fo l iar  
t i  ssues. 
Whi le such factors as ra infal l ,  wind direct ions,  sampl ing per iod,  
and pol lutant character ist ics were inf luent ia l  in determining f luor ide 
dosages to the speci f ic  s i tes,  distance and di rect ion from each source 
were the most consistent factors af fect ing f luor ide uptake. Around 
the Reynolds faci l i ty ,  the means and standard errors of  samples f rom 
the three s i tes wi th in one mi le (SR 1,  1 mi le northeast;  SR 10,  0.9 
mi le north-northeast;  and SR 7,  0.7 mi le southeast)  were s igni f icant ly 
higher than samples f rom the other s i tes around Reynolds.  Around 
Alcoa, the sample means and standard errors were s igni f icant ly higher 
wi th in the s i tes up to 2 mi les northeast of  the faci l i ty .  Within 
certain species (red-top grass,  mi lkweed, wi ld grape, and elm) the 
sample means were s igni f icant ly higher (d i f fer ing by at  least  one 
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standard error of  the sample) at  the s i te 2.0 mi les northeast (SR 8) ,  
as compared to the s i te 0.7 mi le northeast (SR 15) of  Alcoa. 
There were no s igni f icant di f ferences noted between contaminat ion 
f rom Reynolds or Alcoa wi th in these most impacted s i tes.  Likewise, 
no s igni f icant di f ferences in f luor ide uptake can be assigned to posi­
t ions in the canopy layer (grass,  shrub, or  overstory layers) nor to 
any given species (wi th the except ion of  b i t ternut hickory ,  where both 
samples and control  were higher than other species due to natural ly-
occurr ing f luor ides).  Di f ferences between summer and fa l l  values were 
var iable and depended on the species,  s i te locat ion,  and pol lut ion 
source. 
Of the more than 30 species of  nat ive vegetat ion and smal l  mammals 
sampled in and around the St.  Regis Reserve, a l l  can be considered 
contaminated wi th f luor ides,  at  t imes reaching levels more than 200 
t imes those observed in samples f rom unpol luted areas. 
Smal l  Mammal Species 
The purpose of  sampl ing smal l  mammal species f rom the St.  Regis 
Reserve area was to extend the invest igat ion of  f luor ide distr ibut ion 
in the area and possible t ransference between a h igher t rophic level  
of  the terrestr ia l  ecosystem. No at tempt was made to di f ferent iate 
f luor ide uptake relat ive to sex, age, or  speci f ic  d iet  of  the smal l  
mammals.  Only femur t issues were analyzed rather than sof t  t issues 
because i t  has been est imated that  96% to 98% of f luor ides that are 
ingested by animals are deposi ted in the bones and teeth (EPA, 1980).  
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The composi te grass samples f rom each s i te were analyzed in order to 
demonstrate overal l  f luor ide status of  each t rapping area. 
With regard to both meadow voles and short- ta i l  shrews, femur 
f luor ide values and sample standard errors were s igni f icant ly di f ferent 
at  each s i te:  the highest levels were noted at  the s i te closest to 
Reynolds (1.1 mi les northeast)  where the composi te grass sample a lso 
showed greatest  contaminat ion.  The intermediate values for  each species 
were found at  the s i te 2.3 mi les northeast of  Reynolds,  and the lowest 
values were found 1.3 mi les from Reynolds in a more easter ly d i rect ion 
out of  the predominant plume path.  This s i te was a lso the least  con­
taminated wi th regard to f luor ide in the composi te grass sample.  Even 
at  th is least  contaminated s i te,  femur f luor ide values were s igni f i ­
cant ly higher ( two to ten t imes) than those found in control  animals.  
Within each s i te,  the femur f luor ide values of  the short- ta i l  
shrew species were consistent ly higher than those of  the meadow voles,  
even though the shrew body weights were considerably lower.  There is  
no immediate explanat ion for  these di f ferences, but th is t rend probably 
resul ts f rom dietary di f ferences between the pr imari ly herbivorous 
voles versus the more insect ivorous shrews. Also,  the d i f fer ing body 
weights would suggest d i f ferences in metabol ic rates and perhaps greater 
food requirements ( therefore greater f luor ide intake) on the part  of  
the shrews. A useful  extension of  th is work would be to determine the 
inf luence of  type of  d iet ,  metabol ic requirements and age of  the ani­
mals wi th regard to f luor ide accumulat ion in the bones. 
At  the two s i tes where deer mice were found, femur f luor ide values 
were lower than ei ther the shrews or voles.  In a s imi lar  study from a 
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f luor ide-contaminated environment,  Wright,  Davison and Johnson (1978) 
found femur f luor ide values of  long-tai l  f ie ld mice were s igni f icant ly 
higher than values found in f ie ld voles.  No hypothesis is  presented 
for  the consistent ly higher t issue f luor ides found in the mice versus 
the voles,  but these authors also suggest that  physiological  d i f ferences, 
d iet  and/or sex d istr ibut ion may be responsible.  There is  no apparent 
explanat ion for  di f ferences in Wright et  a l . 's  f indings which contradict  
the f indings in th is study in regard to levels found in mice versus 
voles.  Wright et  a l .  also tested vegetat ion and soi ls from each s i te 
and concluded that  there was a strong posi t ive relat ionship between 
f luor ide values and observed environmental  f luor ide levels.  
The resul ts of  the study presented herein demonstrate c lear ly that  
excessive levels of  f luor ides are accumulat ing in the smal l  mammals of  
the St.  Regis Reserve where environmental  contaminat ion is  the highest.  
This contaminat ion is  not just  l imi ted to vegetat ion;  f luor ides are 
accumulat ing at  higher t rophic levels.  
Chapter 10 
CONCLUSIONS 
1.  Excessive f luor ide levels are accumulat ing in the nat ive vegetat ion 
species in and around the St.  Regis Reserve area wi th the highest 
levels noted wi th in 1 mi le northeast of  the Reynolds faci l i ty  on 
Cornwal l  Is land, and wi th in 2 mi les northeast of  Alcoa. Al l  
vegetat ion types sampled in th is study can be considered contami­
nated wi th f luor ides,  wi th levels reaching up to 200 t imes those 
observed in samples f rom areas not subject  to f luor ide pol lut ion.  
2.  The f luor ide levels observed in the femurs of  smal l  mammals 
demonstrate that  f luor ides are being t ransferred to higher t rophic 
levels in the St.  Regis Reserve environment.  
3.  The pat tern of  vegetat ive and smal l  mammal contaminat ion showing 
highest levels of  f luor ides immediately downwind of  both Alcoa 
and Reynolds,  wi th levels decreasing as distances from each source 
increase, conf i rm the assumption that  Reynolds and Alcoa are the 
most s igni f icant sources of  f luor ide pol lut ion in the St.  Regis 
Reserve area. These observat ions are consistent wi th emission 
inventory records quant i fy ing ambient f luor ide emissions f rom each 
faci1i  ty.  
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4. Whi le there was no conclusive evidence concerning actual  amounts 
of  ambient pol lut ion from Alcoa which may be af fect ing the St.  
Regis lands, the high levels of  f luor ide contaminat ion observed 
at  proport ionately greater distances from the Alcoa smelter would 
suggest that  Alcoa's emissions may, at  t imes, depending on meteor­
ological  condi t ions,  contr ibute to the total  f luor ide deposi t ion 
on the St.  Regis Reserve lands. 
5.  Based on data avai lable s ince 1974, ambient a i r  qual i ty in the 
St.  Regis Reserve -  Cornwal l  Is land area has not s igni f icant ly 
improved s ince 1974. In fact ,  a i r  qual i ty measurements on Corn­
wal l  Is land deter iorated s l ight ly in 1977, despi te the fact  that  
the frequency of  winds af fect ing the is land in 1977 decreased. 
The data also revealed that  Reynolds'  part iculate f luor ide emis­
s ions reaching Cornwal l  Is land doubled f rom 1976 to 1977. 
6.  The proposed Canadian standards and Ontar io cr i ter ia for  f luor ides 
in ambient a i r  were exceeded a s igni f icant port ion of  the t ime in 
1977 on Cornwal l  Is land, al though there were no contravent ions of  
New York standards.  
7.  The 1977 vegetat ive data demonstrated that  meteorological  factors 
such as decreased ra infal l  and d i rect ional  wind changes cannot be 
re l ied upon to mit igate or a l leviate f luor ide contaminat ion in the 
area. The only way to prevent f luor ide accumulat ions in vegetat ion 
and the smal l  mammal populat ions in the area is  to decrease f luo­
r ide emissions at  the respect ive sources. 
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8. Assessments of  f luor ide uptake in vegetat ion and cat t le on St .  
Regis Reserve lands s ince 1977 indicate that  high levels of  
f luor ides are cont inuing to impact the area, even af ter  complet ion 
of  emission control  programs. 
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Wind Roses, Cornwal l  Is land Vic in i ty 1974-1977 
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1974 
90 
S3 U 
97 
JAN A. FEB 
.113 134, 
10 H 
o  
CO 
•n" 
NO DATA 
MAY JUNE 
1974 wind roses--Cornwal1 Island area. 
1974 
T 
V\7.fc/< 
julv x AuG 
» 4 
6 7X4 4 
- 4 7 
NOV 
19 75 
JO 6 
II.I < 
o  
-P* 
JAN 
N 
A 
62 
FEB 
MAR 
APR 
NO DATA 
MAY 
JUNE 
1975 wind roses- -Cornwall Island area. 
1975 
*53 
i \  5  , J  * 
NO DATA 
JULY 
N 
A AUG 
NO DATA 
NO DATA 
SEPT 
OCT 
NOV 
1976 
9r iij' 
3 1  
30 
JAN FEB 
NO DATA 
MAR 
xt7° 
MAY 
APR 
^9 9 
JUNE 
1976 wind roses--Cornwal1 Island area 
1976 
NO DATA 
SEPT 
NOV 
1977 
NO DATA 
1977 wind roses --Cornwall Island area 
1977 
r?3 
,10' 
1^6 
6 9 
6 7 
vJOJ 
JULY 
N 
A AUG 
SEP T ocr 
I) 6 
\ZL 
NOV 
\A. L 
APPENDIX B 
Master L ist  of  Data f rom the 
1977 
St.  Regis Reserve Vic in i ty 
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COLLECTION PERIOD: Summer 1977 
NATIVE VEGETATIO?! TYPE: Grass Species 
SITE 4 
quack 
grass 
(leaves) 
Reed 
canary 
grass 
(1 eaves) 
T imo thy 
(leaves) 
Kentucky 
blue grass 
(xhole 
grass) 
? , e d - t o a  
grass 
(whole 
grass) 
S ~ c o : h  
bro.-"e 
grass 
(1 eaves) 
SRI 107 
SE=17.9 
n=3 
171 
n=l 
132 
SE= 3.9 
n=4 
53 
SE- 8.3 
n=4 
-J9 
SE = 5.2 
n-4 
SR2 55 
SE=12.2 
n=4 
52 
SE= 9.3 
n=4 
21 
SE- 5.8 
n=4 
SR3 8 
SE- 1.4 
n=4 
8 
SE= 2.2 
n=4 
8 
SE- 0.4 
n=4 
6 
SE- 1.6 
n=4 
5 
S E -  0.6 
n=4 
SR4 34 
SE- 9.9 
n=2 
25 
SE- 1.3 
n = 3 
24 
SE- 4.9 
n-4 
17 
SE- 1.6 
n-4 
SR5 32 
SE= 4.1 
n=4 
10 
SE- 1.0 
n=4 
7 
SE- 0.3 
n=4 
5 
SE= 1.2 
n-4 
SR6 2 
SE = 2.3 
n=4 
6 
SE- 1.4 
n=4 
19 
SE- 5.0 
n = 2 
5 
SE= 1.8 
n=2 
13 
SE= 4.5 
n=2 
SR8 108 
SE=2 5.9 
n=4 
53 
n=l 
113 
SE= 8.8 
n=4 
45 
SE- 5.3 
n-4 
90 
SE- 8.5 
n=3 
SR9 10 
SE= 2.6 
n=4 
7 
SE- 1.5 
n=4 
3 
SE- 0.9 
n=4 
10 
SE- 2.5 
n=4 
SR10 105 
SE-28.4 
n=4 
100 
SE-19.6 
n=4 
66 
SE-16.9 
n=4 
52 
SE-16.3 
n=4 
SR13 16 
SE- 1.4 
n=4 
6 
SE- 0.7 
n=4 
6 
SE- 0.7 
n=4 
SR14 11 
SE- 1.5 
n=4 
7 
SE- 1.0 
n=4 
4 
SE- 0.7 
n=4 
SR15 79 
n-1 
16 
SE- 2.6 
n=4 
33 
SE- 4.7 
n=4 
Controls - - 1.8 
SE- 0.2 
n=4 
1.6 
SE- 0.4 
n=4 
1.3 
SE= 0.2 
n=4 
1.1 
SE- 0.3 
n=4 
1.4 
SE- 0.2 
n=4 
Results for each site presented as: Mean ppm fluoride 
Sample standard error (SE) 
Sample size (n) 
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COLLECTION PERIOD: Summer 1977 
NATIVE VEGETATION TYPE: Forb and Shrub Species;  Wi l lows 
SITE # 
White 
sxeet 
clover 
Milkweed Wild grape Si.rac oc;v.ccd Ai11cx s .1 i' 1: * s 'A i 1T: h s 
SRI 125 
SE=23.2 
n=4 
219 
SE=50.7 
n=4 
142 
SE=42.8 
n=3 
106 
SE = 11.3 
n=4 
132 
SE=16.7 
n=4 
154 
SE=37.4 
n=4 
SR2 52 
SE=10.8 
n=4 
40 
SE= 5.1 
n=4 
47 
SE= 9.2 
n=4 
SR3 10 
SE= 1.3 
n=4 
4 
SE = 0.6 
n=4 
5 
SE= 0.7 
n=4 
23 
SE= 5.7 
n=4 
11 
SE- 1.0 
n=4 
SR4 13 
SE= 4.1 
n=4 
48 
SE= 4.4 
n=4 
25 
SE= 4.3 
n=4 
24 
SE= 1.9 
n=4 
42 
SE = 0.7 
n=2 
SR5 15 
SE= 1.4 
n=4 
25 
SE = 0.4 
n=3 
23 
SE = 0-4 
n = 2 
15 
SE= 0.3 
n=3 
35 
SE- 5.2 
n=4 
28 
SE= 3.3 
n=2 
( t y"P "4" I 
21 
n=l 
16 
n=l 
frvpp "n") 
SR6 18 
SE = 1.4 
n=4 
4 
SE= 0.8 
n=4 
15 
S£= 1.3 
n=4 
18 
SE- 2.3 
n=4 
(>-yrp "R" ̂ 
SR8 58 
SE= 6.4 
n=4 
115 
SE=18.9 
n=4 
64 
SE = 16.3 
n=4 
71 
SE= 9.3 
n=4 
119 
SE=25.3 
n=4 
144 
SE=12.1 
n=3 
' t ,~P "Ft ') 
68 
SE=22.7 
n=2 
ftypp "f.'M 
SR9 8 
SE= 1.3 
n=4 
10 
SE = 1.9 
n=4 
6 
SE = 0.9 
n=4 
S 
SE= 0.9 
n=4 
16 
SE= 3.5 
n=2 
12 
SE= 1.4 
n=4 
< *-ypp "R") 
SR10 99 
SE=26.1 
n=4 
130 
SE = 5.7 
n=3 
196 
SE=47.8 
n=4 
249 
SEa32.4 
n=4 
168 
SE=72.8 
n=2 
114 
SE= 1 .5 
n=2 
(tyna "ft'M 
121 
SE= 4.3 
n=2 
ftypp "R'M 
SR11 47 
SE= 6.4 
n=4 
SR12 25 
SE= 4.7 
n=4 
SR13 15 
SE = 2.9 
n=4 
13 
SE= 2.9 
n=4 
8 
SE= 1.9 
n=4 
13 
SE* 2.5 
n=4 
SR14 4 
SE* 0.6 
n=4 
10 
SE= 2.5 
n=4 
3 
SE3 0.5 
n=4 
3 
SE= 0.7 
n=4 
7 
SE= 2.0 
n=4 
ftypp "R"1 
Results for each site presented as: Mean ppm fluoride 
Sample standard error (SE) 
Sample size (n) 
110 
APPENDIX B :  page 3 of  8 
COLLECTION PERIOD: Summer 1977 
NATIVE VEGETATION TYPE: Forb and Shrub Species;  . i i l lovvs (cont 'd)  
SITE » 
Whi te 
sweet 
clover 
Mi 1Kweed Wild grape Surrac Dogwood Wil lews n > s  Willis 
SR15 63 
SE=10.3 
n=4 
11 
SE* 2.8 
n=4 
61 
SE= 8.5 
n=4 
117 
SE-13.0 
n=4 
SR16 5 
SE= 0.4 
n=4 
3 
SE= 0.7 
n=4 
12 
SE= 1.9 
n=4 
SRI 7 14 
n=l 
7 
SE= 0.7 
n=2 
8 
SE= 2.3 
n=4 
25 
SE= 0.8 
n=4 
SR18 16 
SE= 3.3 
n = 3 
9 
SE= 1.7 
n = 3 
13 
SE= 1.9 
n=4 
Controls 0.9 
SE= 0.2 
n=4 
0.9 
n = l 
1.6 
SE= 0.3 
n=4 
0.9 
SE= 0.3 
n=4 
2.1 
SE= 0.5 
n=4 
2.1 
SE= 0.3 
n=2 
(tvpp "A") 
2.0 
SE= 0.5 
n=4 
ft/D? "r!"l 
2.4 
n = l 
(tvos "D'M 
Results for each site presented as: "lean ppm fluoride 
Sample standard error (SE) 
Sample size (n) 
APPENDIX B :  page 4 of  8 
COLLECTION PERIOD: Summer 1977 
NATIVE VEGETATION TYPE: Overstory 
111 
Species 
1 
}pu_ia-uig 
I : 1 1 1 1 O M I I i 
3ldt?W 
?qoi_LUBV( 
1 i i 
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m T' 
r*- m 
'i il UJ E 
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'1eO 
•31 !• MM 
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i 
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1 1 
1 
1 
1 
1 
1 
-T> JD 
to to 
Ui_i c 
y> 
NSV 
1 
i 
i 
1 
1 
1 
1 
1 
1 
1 
t 
m «0 — 
i 
e 
4SV 
u a a a g  
I 
1 
• T 1 f 1 1 
• I ^ f 
CM >1 
C 
1 
1 
co 
•X *r 
03 
II <1 UJ — 
3} !• MM 
I 
1 i 
i 
1 1 
I 1 
1 
1 
» 
1 
a^dew 
J9AII.S 
1 
• 
O in 
oj CM 
'I II 
Lul C. OO 
1 
1 1 
r-» 
— o 
CM -O 
It 1 UJ — 
V> 
1 
1 
1 
1 
a [dew 
JE 6 N S  
1 
1 
n*. 
>—* r-» 
CM CM 
H il UJ C CO 
1 
1 
1 
1 
I 
1 
r-« 
TT 
O r-j co 
UJ c j-\ 
aidew 
P3H 
<y\ 
«— C\J 
0% • CM 
II ;l UJ E 
co 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
CO 
(—> 
O —• -n 
11 
v") "~ 
UJ13 
CO LT> —» 
>— II 
c 
CO 
cn r^. 
tT) ^ 
ii il UJ C 
Ln 
1 
1 
CM 
tO «-4 
II e 
1 
1 £ 
tO 
U"> ^ 
CO CO to 
II II UJ C 
4/1 
pooMsseg 
cn o 
o n cvj 
CM 11 II 
ui c 
t/"> 
to 
r-». CM CO ^ 
:i J UJ C 
CO 
1 
1 
i 
i II 
c 
a-) CO 
— — CO 
II II 
UJ C 
to 
P>». 
ro r-. 
tO —• 33 
il n 
UJ C 
to 
uadsy 
tO r«» 
u") m 
«— U II UJ C 
i«o 
1 
1 
1 
1 
a o CM 
(i il 
UJ c 
•si 
in 
II H UJ C 
co 
CO •—* 
*3" 
H II 
UJ C 
to 
to 
to • 
O CO CM 
'l '1 
ui c 
to 
POOM 
-uonoo 
GO 
•— *R CM P— « a 
UJ C 
uo 
1 
1 
1 
1 
T 
UO CSJ 
CM 
It tl 
UJ W L<O 
to 
<N O 
II II 
UJ W 
oo 
1 i 
t 
SI
TE
 
i 
QC 
t/> 
CVI 
cs: 
U~l 
ro 
OS 
ut 
*r LO 
on 
<>0 
a: 
to 
r**» 
ai 
S) 
Results for each site presented as: Mean ppm fluoride 
Sample standard error (SE) 
Sample size (n) 
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COLLECTION PERIOD: Summer 1977 
NATIVE VEGETATION TYPE: Overstory Species (cont 'd)  
3 i. H 
inujauig 
m 
O O —' rj lO tl 1 UJ C (S) 
•J « II CNJ c i i i i X) —• 3"< 1 co c 1 i i 
a (.dew eqo} 1 1 1 i i i i i » 1 
•-O O «3-U~l ll I —J £ 
180 pa« 1 1 1 ro — p— i i i 1 1 1 
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^oeia 1 < 1 1 33 CM «—* c 
1 i 1 1 : 
MS V U33J3 : 1 1 1 1 I I i • 1 1 » i 
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o m ""j II 'I uj £ un 
1 1 1 1 a* — CM  ̂ 1 t i i 
a (.dew 
JSAl'.S 
i I i i i i < 1 i : i i 
aidsw J66n$ 
cn 
o> CM II II UJ c 
• i l 
CO CM CNJ rr CM tl 1 UJ c Ul 
i i 
ro 
—« «3* «=r i >t L-J £ i 
aidew 
paa 1 1 i cf> «—» CM N £ 
1 1 i i T i » i 
uil3 
CO 
yO 
TF R-H. II II LkJ £ CO 
i i 1 1 1 « 
U*> 
<— <I N uj e CO 
CM CM r> CO <> '• 
UJ £ co 
UO 
O *3* CD II 1 LiJ £ L/L 
pooMSseg 
o 
CK LO II II 
UJ C CO 
co C\J O CM II II UJ C CO 
ro 
UD O nr 
\0 II *1 l_l £ CO 
1 1 10 CM  ̂II 11 UJ £ co 
i i 1 1 
usdsy 
CO 
CM O CM CO CO II <1 UJ E CO 
( 1 
1 1 1 i i • i t 
POOM 
-1101*03 PO CM co i< ii UJ C cO 
•<r 
CM  ̂II II 
UJ C oo 
o> LO U3 1 11 UJ c CO 
1 1 1 c 
i I 1 1 
* 
UJ »— co 
CO 
cc OO 
a> 
0£ co 
o 
ac 
Wi 
CC 
KT> 
CM 
3£ -O 
co 
ac 4/1 
«T 
~r\ 
Results for each site presented as: Mean ppm fluoride 
Sample standard error (SE) 
Sample size (n) 
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COLLECTION PERIOD: Summer 1977 
NATIVE VEGETATION TYPE: Overstory Species (cont 'd)  
1 
/C-IO p LH 
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• O T O >1 I 
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2
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0
 
S
E
=
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4
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UTJ CM 
tn II *i 
uJ C 
to 
o CVI <F 
a <i 
UJ £ 
to 
a* 
—» o *r II II 
UJ e 
oo 
vO 
n II 
uj e 
wt 
LT» 
r*>» ro CM I—• II 'I 
UJ S 
ut 
-<r 
a* • 
-  o _» a i UJ C <•1 
poc*sseg 
1 t i i 
CM 
ld og co 
• it n 
UJ G 
(/) 
i 
i 1 1 
CM 
tO • • O «3-
O U 't 
UJ e 
<S) 
uadsy 
1 
1 
i » 1 1 
i 
4 
1 
V0 
. O <"*"> 
II I UJ 
to 
pOOM 
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• 
1 i i l 1 
1 
f 1 1 
i_n 
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to 
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to 
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O U 
Results for each site presented as: Mean ppm fluoride 
Sample standard error (SE) 
Sample size (n) 
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COLLECTION PERIOD: Fal l  1977 
NATIVE VEGETATION TYPE: Mixed species 
SITE => 
1 
T't 0-".y ] 
leaves | 
| 
-cc'nood •  v;ni ^ i  j r e ' S n  
' .^sh Asn 
1 
1 
1 
31 a c '< j  
i  |  
i  t o o ?  j  3 i  t  !  
Mapl-5 i noli^ry 
i 
1 1 
SSI 
118 
Sc = U.3 
n=4 
367 
n = l 
265 j 
n = l 1 
1 1 
SR2 
23 
n = l 
51 
SE= 5.3 
n=4 
26 
SE = 5.5 
n=4 
25 
n-1 
4? i - 1 
SE=3.7 
I  
33 3 
14 
S E = 1.9 
n=4 
1 
1 
I 
i 
Se H.8 "  j 
r - 4 | 
1 1 
rJ?\ 
36 
S£ = 3.3 
n=4 " • "  |  "  
7 3  |  - -  j  
5£=3.3 ; 
n = 4  j  
•> 
n = l 
16 
SE=?.3 
n=4 
; z 
SE*4.6 
n=4 
13 
SE=1.3 
n=4 
:R5 
21 
SE = 1 .5 
••1 =  4  
30 
SE-1.1 
n = 2 
35 
55>2.3 
n = 3 
2 7 9  
S£=:9.5 
n = 2 
:R7 
315 
SE=25.5 
n=2 
;  p j
SE=32.5 
n=4 
355 
SE —5 .4 
n=4 
i  
-:.\8 
- - 127 
SE=12.3 
n=4 
143 
SE=31.4 
n-5 
— - - - - ^ 5 :  
50.3 
n=2 
SR9 
- - 27 
SE=2.3 
n=4 
8  
SE = 1.1 
n=2 
10 
SE=2.0 
n=4 
— — 291 
Sc=23.5 
n=3 
SSIO 
-- 174 
SE=36.2 
n=4 
111 
n=l 
-- — 
' 
- -
5Rli 
- - — — - - — 59 
SE=14.i 
n=4 
- -
SR12 
— — 20 
n=l 
— -- 544 
SE=64.3 
n=2 
SR13 
24 
SE=8.6 
n=2 
34 
SE=4.1 
n=4 
- - - -
SR14 
-- 31 
SE-3.4 
rt=4 
25 
SE=5.0 
n=4 
- - 39 
SE=3.1  
n=4 c 1 
| r  i  
Results for each site presented as: Mean ppn fluoride 
Sample standard error (SE) 
Sample size (n) 
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COLLECTION PZRIOD: Fal l  1377 
NATIVE VEGETATION TYPE: Mixed species (cont 'd)  
SITE t Timothy 
1 eaves 
Dogwood VJhi te 
Ash 
Green 
Asn 
31 ack 
Ash 
Mani toba 
Masl e 
3i tteriLt 
Hic.cry 
SR15 
143 
SE=22.3 
n=4 
102 
SE=14.9 
n=4 " 
"" ~ ' -
SR21 
122 
SE=3.2 
n=4 
106 
SE=16.4 
n=2 
153 
SE=12.3 
n=4 
176 
SE=7.4 
n=2 
~ "" 705 
SE=134.8 
n=2 
SR22 - - 46 SE=4.5 
n=4 
23 
SE=2.0 
n=4 
22 
SEO.8 
n=4 
- - - - - -
SR23 - - 389 
n=l 
- - 270 
SE=41.3 
n=2 
— — — 
p 1t 
X
 
C
O
 
- - - - 20 
SE=2.4 
n=4 
— — 47 
SE=2.4 
n=4 
- -
8X2 — - - - - - - -- 28 
SE=2.2 
n=4 
— 
3X3 -- - - 7 SE=0.9 
n = 3 
— - - 21 
SE=2.5 
n = 7 
BX4 — - - - - -- — 25 SE = 2 .6 
n=4 
- -
BX5 --
10 
SE=i.a 
n=2 
- - - - -- 12 
SE=0.1 
n=2 
- -
BX6 — 21 SE=1.6 
n=3 
-- 13 
SE=3.4 
n=4 
-- 24 
SE=3.2 
n=4 
- -
Control 2.1 SE=0.6 
n=2 
3.3 
SE=0.5 
n=4 
1.5 
SE=0.3 
n=4 
2.6 
SE=0.1 
n=4 
4.8 
SE=0.6 
n=4 
2.9 
SE=0.3 
n=4 
161 
SE=16.7 
n=4 
• 
Results for each site presented as: Mean ppm fluoride 
5a:nple standard error (SE) 
Sample size ( n )  
